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G E N E R A L I N T R O D U C T I O N , A I M A N D O U T L I N E O F T H E S T U D Y 
The main objective of this study was to analyse the role of early childhood respiratory 
illnesses in thè development of asthma. This analysis and its results are the subjects of 
chapter 5. The other chapters report a series of studies within the framework of this 
analysis: 
the distribution of respiratory illnesses in early childhood (chapter 2); 
the assessment of respiratory symptoms (chapter J); 
the relationship of these symptoms to bronchial hyperresponsiveness (chapter 4); 
underdiagnosis of asthma in general practice (chapter 6); 
characteristics of asymptomatic bronchial hyperresponsiveness (chapter 7). 
Asthma is a widespread chronic disease and in industrialized countries the most common 
chronic condition in childhood.' Yet many questions about its etiology, prevalence and 
natural history remain to be resolved. A major problem in resolving these questions is 
that comparison of results of studies* on these issues is hampered by a lack of agreement 
on the definition of asthma and, as a consequence, on the criteria used to assess the 
diagnosis of asthma. Actually, so far no agreement has been reached on whether the term 
"asthma" should be used separately, besides the terms "chronic bronchitis" and "emphyse-
ma". On the one hand it is stated that asthma is a separate disease which has to be distin-
guished from smoking-related chronic obstructive pulmonary disease (COPD, i.e. chronic 
bronchitis and emphysema).2,3 On the other hand these diseases are seen as different 
expressions of one disease-entity called "chronic non-specific lung disease" (CNSLD) with 
a common genetic root, whereas the phenotype of a patient results from a combination of 
genetic and environmental factors, modulated by age and gender (the so-called "Dutch 
hypothesis").4·5 
Recent international consensus reports dealt with asthma as a separate disease.67 The 
definitions of asthma used in these reports resembled each other to a large extent: both 
definitions emphasize symptoms, variable airways obstruction and bronchial hyperrespon-
siveness (BHR), resulting from a chronic inflammatory process, as key features of asthma. 
This agreement may contribute to a standardized assessment of asthma in clinical 
research. 
As could be expected in view of the problems outlined above, exact figures of the 
prevalence of asthma are not available. Morbidity registration projects in general 
practice8·9·10 showed the lowest prevalence figures (1-2%) of asthma, while screening 
surveys11·12·"·1415·16 and case analyses of general practitioners' records17,18·" 
identified many more children and adolescents with characteristics of asthma (9-31%). 
Because of these differences, it has been suggested that asthma is underdiagnosed and 
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undertreated in general practice.11,12'20 
The prevalence of asthma may be increasing,21·22,23 but whether this reflects a real 
increase or ал increase of the tendency of the general practitioner, stimulated by the 
reports on underdiagnosis, to diagnose asthma is not clear.24·25·2* An increase of mor­
tality figures of asthma has been reported in the USA, New Zealand and 
England,27·2'·29 but has been challenged by others,30 and it has not been found in the 
Netherlands.31 
Boys are 1.5 to 2 times more likely to have asthma than girls. This difference disappears 
in adolescence and turns to a slight preponderance among females in early adult li­
fe 32,33,34 
In epidemiological surveys on asthma such as the present study the researcher is confron­
ted with the problem how to discriminate subjects with asthma from those without, 
because a lot of disagreement exists about which characteristics present a proper operatio-
nalization of asthma. As mentioned before, expert groups recently presented definitions of 
asthma which corresponded to a large extent.6·7 However, the fundamental issue of how to 
define asthma with concepts that can be translated into criteria and procedures for use in 
epidemiological studies remains unsolved. When Samet recently raised this issue he 
concluded that "...each approach that might be used in an epidemiological study to 
establish the prevalence of asthma has limitations, which may affect both validity and 
feasibility."35 
Since underdiagnosis of asthma in general practice has been presumed, the diagnosis of 
asthma cannot be based on the registration of the general practitioner alone. Screening for 
asthma is necessary. Asthma symptoms can be present in and/or can be reported by 
subjects who do not have asthma, BHR has been considered as an essential diagnostic 
feature of asthma by many researchers36,37·38 and by the above-mentioned expert 
groups.6·7 However, both its specificity3'·40·41 and its sensitivity42·43·44 to asthma 
have been questioned. Therefore, in this study the screening diagnosis of asthma has not 
been based on BHR alone, but on BHR and/or airways obstruction in the presence of 
asthma symptoms (see figure 1.1). Recently, symptomatic BHR has been shown the most 
useful definition to date for measuring the prevalence of clinically important asthma in 
populations.45,46 
In this thesis subjects diagnosed in general practice were considered as asthmatics as well, 
independently of the screening results. This was done to avoid missing asthmatics as a 
consequence of the influence of therapy and management on symptoms and/or spirometrie 
results. In view of the arbitrariness of the criteria of the asthma diagnosis, most analyses 
were repeated using more specific and/or more sensitive criteria. 
To realise adequate prevention and treatment of a disease, ample knowledge of its 
etiology is required. The etiology of asthma is only partly understood. It is no doubt a 
multifactorial disease. Both genetic and environmental factors play a role in its develop­
ment and course. In general, three categories of environmental factors can be discerned: 
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allergic stimuli, non-specific stimuli and respiratory infections. The influence of early 
•childhood respiratory infections on the development of asthma in adolescence and young 
adulthood is the main subject of this thesis. 
Figure 1.1 Definition of asthma and its operationalization in this thesis 
Asthma was defined as the presence of chronic and/or recurrent respiratory symptoms 
in combination with airways obstruction and/or bronchial hyperresponsiveness. 
Operationalization: 
Subjects were considered to have asthma when they 
> met the criteria of the screening diagnosis, i.e.: 
when they gave an affirmative answer to at least one of the following questions of a 
standardized questionnaire:59 
1. did you usually - at least five days a week - cough (e.g. when getting up, or 
during the day, or at night) during a period of at least three consecutive months? 
2. have you coughed up phlegm, more than usually, for at least three consecutive 
weeks in the last 12 months? 
3. have you had wheezing in your chest in the last 12 months? 
4. have you had attacks of tightness with wheezing in your chest (attacks of 
asthma) in the last 12 months? 
and when they showed 
either bronchial hyperresponsiveness (in case of PC20 <, 8.0 mg/ml in the shorte­
ned t idal breathing histamine-challenge test according to 
Cockcroft4748-49) 
or airways obstruction (in case of FEV, < FEV!-predicted minus two times the 
standard deviation60,51); 
and/or 
> had ever* been diagnosed as asthmatic by the general practitioner. 
* in chapter 5: in the last five years preceding the study 
Epidemiological studies on the hypothesis that early childhood respiratory morbidity is 
involved in the development of asthma in later life were comprehensively reviewed by 
Samet et al in 1983.я They concluded that there were important methodological shortco­
mings in most of these studies, as they were for the greater part retrospective and/or 
hospital-based, resulting in recall bias53 and a limited possibility of generalization of the 
results. In their view, the evidence for the above-mentioned hypothesis or, at least, for a 
relation between childhood respiratory illness and chronic airflow obstruction in adult life 
was not complete enough to allow firm conclusions. In view of further study on this 
hypothesis, they recommended a prospective design with follow-up of the study subjects 
from birth and registration of their illness experience. 
The Continuous Morbidity Registration (CMR) of the Department of General Practice of 
the University of Nijmegen10·54 offered the opportunity to (partly) meet this advice: from 
1967 all the presented morbidity of the population of four general practices has been 
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recorded. Of this population 1,441 subjects, bom between 1967 and 1979, formed the 
study population of this study. Of this population 926 adolescents and young adults, aged 
10 to 24, were still on the practice lists of the CMR at the time of the study and were 
invited to participate. 
Since the review of Samet and colleagues some other studies55·56,57·5' have reported a 
relation between childhood respiratory morbidity and asthma in adulthood, partly avoiding 
the methodological problems mentioned. In all these studies the diagnosis of asthma was 
based on signs and/or symptoms and/or spirometry. No evidence is available for the 
development of bronchial hyperresponsiveness (BHR), which is an important factor in the 
hypothesis. Moreover, BHR is generally recognised as an essential diagnostic feature of 
asthma, as has been mentioned before.6·7 For that reason the diagnosis of asthma in the 
present study is based on the presence of BHR as well. 
The study on the relationship between respiratory morbidity in early childhood and 
asthma in adolescence and young adulthood is the subject of chapter 5. 
To get a better insight into the relations between respiratory morbidity in early childhood 
and asthma in adolescence and young adulthood, it is necessary to know how these early 
childhood respiratory diseases themselves are distributed, how they are interrelated and 
whether they cluster, and if so, to what extent. The analyses made to answer these 
questions are reported in chapter 2. 
To assess the presence of asthma symptoms, standardized questionnaires on respiratory 
symptoms are often used in screening surveys. The short-term reproducibility (one to four 
months) of some standardized questionnaires has been found satisfactory.59·60 As, 
however, the diagnosis of asthma as a chronic disease reflects the persistent presence or 
recurrence of symptoms, it is essential that the outcome of these questionnaires is 
consistent over a longer period of time. No attempts have been made so far to assess this 
long-term consistency in answers to questions on chronic respiratory symptoms, or to 
assess the consistency in the asthma diagnosis when established on the basis of the 
outcome of these questionnaires. Chapter 3.1 reports on the analysis of the one-year 
consistency of answers to the standardized questionnaire used in this study. 
When administering a questionnaire to adolescents and young adults, a special problem 
arises. As a rule, younger children will have the questions answered for them by their 
parents (proxy respondents), while it will be more appropriate that older children, just as 
adults, complete questionnaires themselves. The shift from completion by parents to self-
completion will take place sometime in adolescence. The' proxy effects in health surveys 
have been investigated in the case of spouses (usually females) completing questionnaires 
for their partners (usually males): both underreporting61 and overreporting62 have been 
demonstrated. To our knowledge, the proxy effect in the case of parents completing a 
questionnaire on respiratory symptoms in adolescents has not been explored yet. In 
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chapter 3.1 we describe our study on this issue. 
Several epidemiological studies in random population samples,63,64·65·6* focusing on 
the relation between chronic respiratory symptoms and BHR, have shown that there is only 
a weak relation between these asthma characteristics. Most studies were based on 
populations of children or adults, whereas the diagnosis and treatment of asthma are 
problematic in adolescence and young adulthood as well. Therefore, in chapter 4 we 
investigated this relationship in a population sample of adolescents and young adults. In 
case of a strong relation, questions on symptoms may be useful to assess BHR. Therefore, 
we also assessed the possible predictive value of chronic respiratory symptoms for BHR. 
As mentioned before, asthma is suggested to be underdiagnosed in general practice. It is 
uncertain whether patient characteristics play a role in that respect. Anderson et al.11 
found a substantial underuse of health services in wheezy children aged about nine. This 
was not related to social, family or general practice factors. Also in this study population 
we investigated possible underdiagnosis of asthma in general practice, and the putative 
role of patient characteristics in that respect {chapter 6). 
BHR has been demonstrated in a considerable number of asymptomatic individuals, 
sometimes even in the most severe range.39·40·41·64·67 The clinical significance of asympto­
matic BHR is still unclear. It may be a risk factor for later asthma.68,69 It may also be 
the essential link in the development from early childhood lower respiratory infections to 
subsequent asthma. These early infections may cause BHR,7 0 , 7 1 which sometimes 
continues to exist without symptoms at first, but may become symptomatic in later life, 
possibly induced by environmental factors. A relation between lower respiratory infecti­
ons in early childhood and BHR in adolescence and young adulthood, both for its 
symptomatic and asymptomatic form, will support this hypothesis. In chapter 7 we have 
analysed this relationship. Also in this chapter asymptomatic BHR has been further 
explored by comparing it with symptomatic BHR and ПОП-BHR with respect to several 
patient and clinical characteristics related to asthma 
In summary, the aims of this study were 
1. to analyse the distribution, interrelations and clustering of early childhood respiratory 
morbidity {chapter 2). 
2. to assess the one-year consistency in answers to questions on chronic respiratory 
symptoms of a standardized questionnaire, and in the diagnosis of asthma established 
on the basis of the answers to these questions {chapter 3.1) 
3. to explore the proxy effect in the case of parents completing a questionnaire on 
respiratory symptoms in adolescents {chapter 3.2). 
4. to study the relationship between chronic respiratory symptoms and BHR in adoles­
cence and young adulthood and to assess the possible predictive value of these 
symptoms for BHR {chapter 4). 
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5. to study the relationship between respiratory morbidity in early childhood and asthma 
in adolescence and young adulthood (chapter J). 
6. to study underdiagnosis of asthma in adolescents and young adults in general practice 
and the influence of patient characteristics on underdiagnosis (chapter 6). 
7. to test the hypothesis that asymptomatic BHR in adolescence and young adulthood is 
related to respiratory infections in early childhood and to study the clinical significan­
ce of asymptomatic BHR (chapter 7). 
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THE CLUSTERING OF RESPIRATORY DISEASES IN EARLY CHILDHOOD' 
Abstract 
Background: it is suggested that early childhood respiratory morbidity is related to 
asthma and chronic bronchitis in later life. To understand these relations it is 
necessary to know how these early childhood respiratory diseases are distributed, 
interrelate and cluster. This study analysed the distribution, interrelations and the 
clustering of early childhood respiratory morbidity. 
Methods: an analysis of prospectively collected data of episodes of respiratory 
morbidity presented by 1140 children in the first five years of life in family practice. 
Results: of the study group 5% never presented a respiratory disease, and 53% 
presented at least six episodes. The episodes of each illness were not randomly 
distributed, and most conditions were associated with each other. Factor analysis 
showed that asthma, acute bronchitis and pneumonia formed one cluster and 
tonsillitis, otitis media and common cold another. Hay fever and laryngitis appeared 
to occur more independently. 
Conclusions: early childhood respiratory morbidity is unevenly distributed, but a 
clear-cut group of children with a much higher rate of more severe respiratory 
morbidity than other children could not be distinguished. Both upper and lower 
respiratory tract illnesses show clustering. In research on the long-term prognosis of 
early childhood respiratory morbidity this morbidity may best be grouped in these 
categories. 
2.1 Introduction 
Early childhood is a period in life with high levels of morbidity.' Especially respiratory 
tract infections play an important role in that period, accounting for a major part of the 
morbidity of children in their first years of life presented in family practice.2·3·4 As a 
rule, therapy is restricted to symptomatics and advice. 
There are indications that some respiratory illnesses in early childhood are associated with 
the development of asthma and chronic bronchitis in later life.5·6·7 To get a better 
B.G.M. Kolnaar, W.J.H.M. van den Bosch, H.J.M. van den Hoogen and C. van 
Weel 
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insight into these relations it is necessary to know how these early childhood respiratory 
diseases themselves are distributed, how they are interrelated and whether, and if so to 
what extent they cluster. Fry introduced the term "catarrhal children",' children who 
suffer from recurring episodes of respiratory tract diseases. Several authors suggested a 
relationship during childhood between asthma and (wheezy) bronchitis,910 between 
bronchitis and pneumonia"·12 and between pneumonia and asthma.13 However, the 
precise distribution and clustering of respiratory diseases in children in the first years of 
life has, to the best of our knowledge, never been analyzed. 
This study investigates the distribution, interrelations and clustering of early childhood 
respiratory diseases. Therefore, the respiratory morbidity presented by 1,140 children 
during the first five years of life was analyzed. 
2.2 Methods and materials 
This study was part of a long-term follow-up study on the relationship between respirato-
ry morbidity in early childhood and asthma in adolescents and young adults. 
This study used data of the Continuous Morbidity Registration (CMR), Department of 
Family Practice Nijmegen.2·1415 The following aspects of this database are of special 
importance for this study: 
. All episodes of illness1617presented to the family physician are registered (E-list)1'·1'-
The data are collected prospectively. 
. All the diagnoses made in specialist care are included. In the Netherlands everyone is 
registered with a personal family physician with specialist care available after referral. 
. In the case of chronic diseases14·17 (in this study: asthma and hay fever) only the first 
presentation is recorded; if the disease continues to be relevant, presentations in the 
following years are registered with a prevalence code.14 
. Codes are corrected if necessary. Monthly meetings of the family physicians and 
classification sessions are organised to guarantee the quality of the registration and 
classification.20 
. Socio-economic status of the children was classified according to the occupation of the 
head of the family, using a standardized list of occupations for this country,21 after 
regrouping its nine into two classes for practical reasons. 
Study group 
All children of the CMR-practices, who were born between the years 1967 (the year the 
registration started) and 1979 (n = 1,441), and who had been on these practice lists for at 
least the first five years of life, were selected for this study. This guaranteed a period of 
sufficient length (1979 - 1989) for the follow-up study. 
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Analysis 
To assess its representativeness, the study group was compared with the children who had 
left the practices in the first five years of life (n=301) with respect to sex, social class 
and respiratory morbidity. The incidence of each respiratory illness was calculated and its 
relation with sex and social class. 
The distribution of the respiratory episodes in the study population was compared with the 
random Poisson-distribution (i.e. the distribution of these episodes in the same population, 
should they be randomly distributed).22 This analysis was done for all acute respiratory 
infections but not for the chronic conditions of asthma and hay fever, since these chronic 
diseases have by definition only one episode. 
The clustering of the respiratory morbidity was investigated in two ways: 
Firstly, the relation of each of the respiratory diseases to each of the other respiratory 
diseases was studied by means of simple (bivariate) analyses. 
Secondly, a factor analysis was performed, including all the respiratory diagnoses 
recorded. Asthma and hay fever were treated as binary variables, of the other illnesses 
the numbers of episodes were used. A factor analysis - a multivariate method assessing 
the underlying relationships or dimensions in the data23 - was used to reveal clustering of 
respiratory diseases. Factor loadings higher than 0.40 were considered significant; 
variables loading on the same factor with significant loadings were considered to be 
clustering. 
The chi-squared test was used to determine the statistical significance of associations and 
of differences between distributions. They were considered significant when the p-value 
was lower than 0.05. 
2.3 Results 
There were 1,140 children who met the two inclusion criteria: 610 boys and 530 girls. 
Excluded were 301 children who had left the practices; 283 moved to another area; 18 
children died, none as a consequence of respiratory diseases. 
The comparison between the study group and the excluded children showed that the 
former consisted of more children of lower social class, and had presented more respira-
tory morbidity in the first years of life. 
Table 2.1a shows the incidence of the respiratory diseases during the first five years of 
life in the study population. Except for pneumonia and tonsillitis the incidence was higher 
among boys. This difference between the sexes was statistically significant for asthma, 
acute bronchitis and laryngitis. 
Social class was significantly related with several respiratory illnesses as well (table 
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2.1b). The incidence of these illnesses was higher among the children of the lower class. 
Asthma was present in 3.4 per cent of the children at the age of five. 
During the first five years of life 55 (5%) children never presented a respiratory disease, 
whereas 604 (53%) children presented at least six episodes. 
Table 2.la The incidence of respiratory diseases in the first five years of life by 
sex. Figures are numbers of new episodes presented per 1,000 
subjects per year 
Male Female Total p-value 
In = 610) In = 530) In = 7,140) 
asthma 
hay fever 
pneumonia 
acute bronchitis 
laryngitis 
tonsillitis 
otitis media 
common cold 
9 
4 
17 
150 
27 
222 
270 
861 
4 
3 
19 
101 
11 
224 
217 
790 
7 
4 
18 
127 
20 
223 
245 
828 
0.02 
0.30 
0.98 
0.00 
0.00 
0.77 
0.19 
0.42 
Table 2.1b The incidence of respiratory diseases in the first five years of life 
by social class. Figures are numbers of new episodes presented per 
1,000 subjects per year. 
asthma 
hay fever 
pneumonia 
acute bronchitis 
laryngitis 
tonsillitis 
otitis media 
common cold 
Lower social 
In--
class 
= 576) 
9 
4 
20 
148 
22 
266 
250 
926 
Upper social 
In--
class 
= 562) 
5 
3 
16 
110 
18 
180 
240 
730 
Total 
In =1,140) 
7 
4 
18 
127 
20 
223 
245 · 
828 
p-value 
0.08 
0.69 
0.74 
0.00 
0.57 
0.00 
0.09 
0.01 
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Figure 2.1 Expected (according to the Poisson distribution) and actually recor-
ded number of children who presented ACUTE BRONCHITIS in their first 
five years of life 
Number of children (n-1,140) 
0 1 2 >-3 
Number of episodes of acute bronchitis 
Figure 2.2 Expected (according to the Poisson distribution) and actually recor-
ded number of children who presented COMMON COLD in their first 
five years of life 
Number of children (n-1,140) 
0 1-2 3-5 6-7 8-10 >-11 
Number of episodes of common cold 
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The comparison between the observed distribution and the random Poisson-distribution is 
shown in figures 2.1 and 2.2 for acute bronchitis and common cold respectively. There 
were more children than expected who had no episodes and more who had the highest 
frequency (p< 0.001). For pneumonia, tonsillitis, laryngitis and otitis media the same 
pattern was found. 
Table 2.2 gives a complete overview of the interrelations between the respiratory 
diseases. For each of the respiratory illnesses separately it was calculated which' part 
(expressed in percentages) of the children who had had one or more episodes of the 
illness mentioned in the row had had one or more episodes of the illness mentioned in the 
column as well. For example, 8 per cent of those who had had asthma had had hay fever 
as well. For each of the relations the statistical significance was assessed. 
The conditions in the table are arranged in a clinical hierarchy: of patients with asthma 
relatively more children had hay fever, pneumonia, acute bronchitis or laryngitis than of 
those with one of the other respiratory diseases. Of the children with hay fever a lower 
percentage had pneumonia, acute bronchitis or laryngitis than of those with asthma, but a 
higher percentage than of those with one of the other respiratory diseases. This is 
followed by children with pneumonia, acute bronchitis, laryngitis, tonsillitis, otitis media 
and common cold respectively. 
The results of the factor analysis are shown in table 2.3: asthma, acute bronchitis and to a 
lesser extent pneumonia loaded significantly on the same factor; tonsillitis, otitis media 
and common cold on the other factor. Hay fever and laryngitis hardly loaded on these 
factors. 
Table 2.3 Clustering of respiratory diseases in the first five years of life. 
(Factor analysis; numbers are loadings of the variables on the 
factors). 
Asthma 
Hay fever 
Pneumonia 
Acute bronchitis 
Laryngitis 
Tonsillitis 
Otitis media 
Common cold 
Percentage 
explained variance 
Factor 1 
-0.12 
0.37 
0.12 
0.12 
0.14 
0.73· 
0.58· 
0.68· 
19 
Factor 2 
0.77· 
0.12 
0.41« 
0.76· 
0.22 
0.04 
0.04 
0.32 
19 
* Factor loadings > 0.40 N = 1,140 
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2.4 Discussion 
In the first five years of life the episodes of each of the respiratory diseases were not 
randomly distributed. Moreover, the data showed many associations between these 
diseases. These findings confirmed the experience from daily practice that some children 
present a high number of respiratory episodes. However, those who presented the highest 
numbers of episodes were not the same for every respiratory disease. For example, many 
children with a high frequency of upper respiratory illnesses did not present lower 
respiratory tract morbidity. Therefore, a clear-cut group of children who had a much 
higher rate of more severe respiratory morbidity than other children could not be 
distinguished on the basis of the number of episodes of respiratory morbidity. 
On the basis of the uneven distribution of the episodes of the respiratory diseases and on 
the basis of the many associations betweeir these diseases clustering of these diseases 
could be expected. From the clinical hierarchy found on the basis of the interrelations, it 
could be presumed that children with asthma or lower respiratory tract infections are 
more prone to other respiratory conditions (particularly in the lower part of the respirato-
ry tract) than those presenting only upper respiratory tract diseases. The results of the 
factor analysis confirmed this: it showed that asthma, acute bronchitis and pneumonia 
were interrelated, and tonsillitis, otitis media and common cold showed clustering too. 
However, hay fever and laryngitis occurred more independently of other respiratory 
diseases. 
It is important to know whether there is a biological explanation of the uneven distributi-
ons and the clustering of the respiratory diseases. Acute bronchitis and/or pneumonia may 
make the child's airways more responsive to specific or non-specific stimuli, resulting in 
symptoms of asthma. Atopy, expressed in asthma, may make someone more sensitive to 
infectious agents, resulting in acute bronchitis or pneumonia. Common-cold virusses may 
precipitate infections of the tonsils or the middle ear by the same or other agents. 
Clustering of upper respiratory infections has recently been described by an other 
study.24 At least one non-biological factor will be involved in the uneven distribution and 
clustering: illness behaviour, which is, in this context, the tendency to present an expe-
rienced illness to the family physician.25·26·27 This study was based on morbidity epi-
sodes that had been presented to the family physician. A previous study showed that 
patients present only a small part of their experienced illnesses.28 Therefore, the morbi-
dity figures result from the use of services as well as from the real prevalence of 
morbidity. Illness behaviour may particularly influence the presentation of less serious 
illnesses (tonsillitis, otitis media and common cold) and may partly explain the clustering 
of these diseases. It will influence the presentation of more serious morbidity like asthma, 
acute bronchitis and pneumonia to a much lesser degree. 
In some respects coding problems can be involved in the associations found in this study. 
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This is particularly the case with asthma and acute bronchitis, where the association can 
partly be explained by misdiagnosis due to difficulties in interpreting the presented 
symptoms.79-30 Although the quality of coding in this project is closely supervised coding 
mistakes cannot be ruled out completely. 
On the basis of the comparison of the study group with the practice leavers it appeared 
that lost of follow-up caused a selection by which the children studied formed a group 
with higher numbers of respiratory morbidity. Therefore, the incidence figures of early 
childhood respiratory tract illnesses in this study may be overestimated. Nevertheless, 
they were approximately the same as reported in other family practice registration 
projects.3·4 The above-mentioned selection has probably not influenced the results of the 
analysis on the distribution and clustering of the illnesses, since this selection was towards 
higher levels of respiratory morbidity. 
« 
The higher incidence in boys and in children of the lower social class has been reported 
in other studies as well.1-31·32 
The findings of this study suggest that children with a high frequency of upper respiratory 
infections in the first five years of live are not prone to lower respiratory illnesses in that 
period. Therefore, the therapeutic approach can mostly remain conservative and restricted 
to symptomatics and adequate education. 
The clustering of lower respiratory tract illnesses on one side and that of upper respirato-
ry tract infections on the other is of particular importance, as it has been suggested that 
especially the former are involved in the development of asthma and chronic bronchitis in 
later life.5,6·7 Therefore, the group with lower respiratory tract morbidity should be 
focused on in research on long-term prognosis. 
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3.1 
A S T H M A D I A G N O S I S C H A N G E S O V E R Л М Е W H E N A S S E S S E D 
BY QUESTIONNAIRE* 
Abstract 
Objectives: to study the long-term consistency in answers to questions on chronic 
respiratory symptoms of a standardized questionnaire, and in the asthma diagnosis 
established on the basis of the answers to these questions. 
Design: a comparison of data collected by means of a test and a retest after a one-
year interval. 
Population: 246 subjects aged 16 to 24. 
Main outcome measure: Cohen's kappa as measure of agreement between the 
answers to the first and the second questionnaire. 
Results: Cohen's kappa values of the questions on symptoms ranged between 0.22 
and 0.62 and was 0.50 for the asthma diagnosis. Of the 2 0 % of the study group 
who had asthma on the basis of the first questionnaire 3 2 % did not report one 
single asthma symptom in the second one. 
Conclusions: in young adults aged 16 to 24 the long-term consistency in answers 
to questions on respiratory symptoms of a self-administered questionnaire, and in 
the asthma diagnosis assessed on the basis of the answers to these questions is 
unsatisfactory. 
3.1.1 Introduction 
For the last 10 to 20 years epidemiological surveys have been conducted to assess the 
prevalence of asthma. Since underdiagnosis of asthma was presumed, which has been 
confirmed in recent studies,1·2,3 these assessments are not based on the presence of a 
clinical diagnosis alone. Screening methods are often applied, of which questionnaires on 
respiratory symptoms are used most frequently. Many efforts have been made to 
standardize them.4·5,6 The short-term reproducibility (one to four months) of some 
standardized questionnaires has been found satisfactory.7'* As, however, the diagnosis of 
asthma as a chronic disease reflects the persistent presence or recurrence of symptoms, it 
is essential that the outcome of these questionnaires is consistent over a longer period of 
B.G.M. Kolnaar, H.J.M, van den Hoogen and C. van Weel 
Submitted for publication 
21 
R E S P I R A T O R Y M O R B I D I T Y I N E A R L Y C H I L D H O O D A N D A S T H M A I N A D O L E S C E N C E 
time. To the best of our knowledge, no attempts have been made so far to assess this 
long-term consistency in answers to questions on chronic respiratory symptoms, or to 
assess the consistency in the asthma diagnosis when established on the basis of the 
outcome of these questionnaires. 
The aim of the present study was to assess in young adults the long-term consistency in 
the answers to questions on chronic respiratory symptoms and in the diagnosis of asthma 
established on the basis of the answers to these questions. Therefore, a standardized 
questionnaire was administered two times in an open population of subjects aged 16 to 24 
with a one-year interval. 
3.1.2 Methods and materials 
This study'was part of a follow-up study on the relationship between respiratory morbidi-
ty in early childhood and asthma in adolescence and young adulthood.9 
Study population 
The study population of the present study was composed of all young adults of the follow-
up study aged sixteen and over. 
The subjects of that study were recruited from the practice population of the Continuous 
Morbidity Registration (CMR) of the Department of General Practice of the University of 
Nijmegen.10 All subjects of the practice lists of the four CMR-practices who were bom 
between the years 1967 and 1979 and who were still on these practice lists at the time of 
the study in December 1988 were invited to participate: 926 subjects, 64% of the original 
birth cohorts, 484 boys and 442 girls, aged 10 to 24 at the time of the study. Before the 
start of the follow-up study 515 subjects had left the practices; 492 moved with their 
families to another area and 23 children had died. The group of 926 subjects was invited 
to complete a questionnaire on chronic respiratory symptoms on two occasions. For those 
under sixteen the parents completed the questionnaire for their child. The present study 
was based on the 420 subjects who were aged 16 to 24, and these young adults were 
asked to complete the questionnaire themselves. 
Questionnaire 
The questionnaire on respiratory symptoms was based on the standardized questionnaire 
(children's version) of the British Medical Research Council (BMRC) and the American 
Thoracic Society (ATS),4. The questions are listed in table 3.1.1. Short-term reproducibili-
ty (four weeks) and criterion-validity had been determined and found satisfactory.8·" 
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Table 3.1.1 Questionnaire 
1a. Cough: do you usually - at least 5 days a week - cough (e.g. when getting up or 
during the day or at night)? 
1b. Chronic cough: if yes, did you cough like this for at least three consecutive 
months? 
2a. Phlegm: do you usually - at least 5 days a week - bring up phlegm (e.g. when 
getting up or during the day or at night)? 
2b. Chronic phlegm: if yes, did you bring up phlegm like this for at least three 
consecutive months? 
3a. Cough and phlegm: have you had a period of cough with phlegm (more than 
usual) in the last 12 months? 
3b. Chronic cough with phlegm: if yes, did a period like this last for 3 consecutive 
weeks or more? 
4. Wheezing: have you had wheezing in your chest in the last 12 months? 
5. Tightness with wheezing: have you had attacks of tightness with wheezing in 
your chest (attacks of asthma) in the last 12 months? 
6a. Breathless: have you been breathless at least once in the last 12 months? 
6b. Breathless more quickly: do you think that you get breathless more quickly than 
friends of your own age? 
7a. Breathl./upstairs: have you been breathless going upstairs or riding a bike at a 
normal pace at least once in the last 12 months? 
7b. Breathl./flat: if yes, have you been breathless when you walked on the flat at a 
normal pace at least once in the last 12 months? 
8a. Rhinitis: have you often had a stuffed-up or runny nose in the last 12 months? 
8b. Chronic rhinitis: if yes, did you have that for at least 3 consecutive months? 
Study design 
The questionnaire was administered on two occasions with a one-year interval. The first 
time (in the winter of 1988-1989) the questionnaire (hereafter referred to as quest.'89) 
was sent by mail to all young adults themselves. One year later (in the winter of 1989-
1990) those who had responded to quest'89 were invited for spirometry within the 
framework of the follow-up study. Preceding the spirometrie assessments they were asked 
to complete the questionnaire for the second time (quest. '90), without interference by 
others. 
Analysis 
First it was analysed whether those who participated on both occasions (the study group) 
formed a representative sample of the original birth cohorts. For that purpose the study 
group was compared with respect to sociodemographic features to those of the original 
birth cohorts who did not belong to the study group. 
Chi square tests were used to determine the significance of the differences. 
Prevalence 
The prevalence of both the respiratory symptoms and asthma was assessed in the study 
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group, for the two questionnaires (quest.'89 and '90) separately. 
The diagnosis of asthma was made on the basis of the following symptoms: chronic 
cough, chronic cough with phlegm, wheezing and tightness with wheezing. A subject was 
considered to have asthma in case of an affirmative answer to one or more questions on 
these symptoms. 
Long-term consistency 
In order to assess the long-term consistency, the answers to quest.'89 were compared 
with those to quest. '90, for each question separately as well as for the diagnosis of 
asthma. A possible lack of agreement should be considered the result of a real change of 
symptoms and/or lack of consistency in the answers to the questions or in the questionnai-
re as a whole as an instrument to assess the diagnosis of asthma in this age category. 
In all comparisons Cohen's kappa was used as measure of agreement.12 It gives an 
estimation of the agreement after correction for agreement by chance. 
3.1.3 Results 
Replies to the first questionnaire were received from 386 young adults, which is 92% of 
those invited. Of this group 257 participated in the retest. Of these 257, 11 subjects 
completed one or both questionnaires unsatisfactorily. So of 246 subjects (64% of those 
invited for the retest) all necessary data from both questionnaires were available. 
The comparison between the study group and those of the original birth cohorts who did 
not belong to the study group showed that of the study group (statistically) significantly 
fewer subjects belonged to the upper social class and were men than of the latter group. 
No differences were found with respect to age. 
Table 3.1.2 shows the prevalence of the respiratory symptoms in '89 and in '90 and the 
kappa values; table 3.1.3 shows the prevalence and kappa of the diagnosis of asthma. 
Prevalence 
The four most frequently reported symptoms were recurring rhinitis, productive cough, 
unspecified breathlessness and breathlessness when going upstairs, both in quest.'89 and 
in quest. '90. 
The prevalence of asthma was 20% according to the first questionnaire and 24% 
according to the second one. Also the prevalence figures of almost all respiratory 
symptoms were higher in quest. '90. 
Of the young adults 14% reported at least one asthma symptom in both questionnaires. 
Long-term consistency 
The values of Cohen's kappa of the questions ranged between 0.22 and 0.62. The 
questions on "chronic phlegm" and "breathless when going upstairs" had the highest 
kappa values, and those on "breathless when walking on the flat" and "cough" the lowest. 
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The kappa of the diagnosis of asthma was 0.50. Part (32%) of those who had asthma on 
the basis of the first questionnaire did not report one single asthma symptom in the 
second one. Of those who did not have asthma according to the first questionnaire 14% 
reported at least one asthma symptom in the second one. 
Table 3.1.2 Prevalence of symptoms according to the answers to questionnai­
res '89 and '90 and extent of agreement between these answers 
(Cohen's kappa) 
Questions 1989 1990 kappa 95% CI 
% % 
1a Cough 
1 b Chronic cough 
2a Phlegm 
2b Chronic phlegm 
3a Cough with phlegm 
3b Chronic cough with phlegm 
4 Wheezing 
5 Tightness with wheezing 
6a Breathless 
6b Breathless more quickly 
7a Breathl./upstairs 
7b Breathl./flat 
8a Rhinitis 
8b Chronic rhinitis 
10.6 
4.1 
10.7 
4.1 
32.8 
7.7 
15.2 
4.2 
26.0 
9.4 
20.8 
1.6 
45.1 
10.6 
15.5 
5.3 
9.8 
4.9 
34.8 
6.9 
18.5 
8.4 
33.3 
14.2 
29.0 
5.3 
52.1 
9.8 
0.32 
0.41 
0.42 
0.62 
0.42 
0.46 
0.52 
0.34 
0.48 
0.42 
0.55 
0.22 
0.37 
0.33 
0.20 
0.29 
0.29 
0.50 
0.30 
0.34 
0.40 
0.23 
0.36 
0.30 
0.43 
0.12 
0.25 
0.21 
-0.44 
-0.53 
-0.55 
-0.74 
-0.54 
-0.58 
-0.64 
-0.45 
-0.60 
-0.54 
-0.67 
-0.32 
-0.49 
-0.45 
η = 246; CI = confidence interval 
Table 3.1.3 Prevalence of asthma* in 1989 and its change in 1990 
1989 1990 1990 
asthma no asthma 
asthma 20 13 7 
no asthma 80 11 69 
η = 246; kappa = 0.50 (0.38 - 0.62); 
numbers are percentages 
* in case of an affirmative answer to one or more of the questions 1 b, 3b, 4 and 5 
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3.1.4 Discussion 
In these two surveys the prevalence of asthma found in young adults was 20% and 24% 
respectively. A comparison with other studies is difficult due to differences between the 
questionnaires and the questions, to differences in symptoms used for the diagnosis of 
asthma and to differences in the age distribution of the populations studied. 
The comparison between the study group and those of the original birth cohorts who did 
not participate in the study showed that there was a small but statistically significant 
selection tending towards lower social class and female sex. Since morbidity figures are 
higher in lower social classes,13 the prevalence of symptoms and asthma in the second 
survey may be overestimated. However, in all probability this small selection has not 
influenced the results of the analysis of the long-term consistency. 
Almost all respiratory symptoms showed a higher prevalence in 1990 than in 1989. 
Beside a change in interpretation of the questions or a change in awareness of symptoms 
(influencing the consistency), two factors may have contributed to a real increase: 1) an 
epidemic of influenza in the Netherlands in the autumn of 1989; and 2) smoking behavi-
our; an analysis of the data showed that smoking did not play a substantial role in the 
prevalence increase. 
In the second survey also the prevalence of asthma was higher than in the first. This may 
reflect a real increase as well. However, both the low values of Cohen's kappa as 
measure of agreement and the finding that nearly a third of the young adults who had one 
or more asthma symptoms in the first survey did not report one single symptom in the 
second survey, point to a lack of consistency in the answers to this questionnaire in 
assessing the diagnosis of asthma. Asthma is a disease of which the symptoms vary in 
time, but it has never been reported that in a substantial part of the patients these 
symptoms disappear within one year. 
"Breathlessness" was not included in the criteria for the asthma diagnosis. This was 
decided, because it appeared to be interpreted as "being out of breath" rather than "the 
unpleasant awareness of the need to breathe" (in the second survey the prevalence figures 
of unspecified breathlessness and breathlessness when going upstairs were 33% and 29% 
respectively). Furthermore, the answers to the questions on breathlessness showed 
insufficient consistency and/or there appeared to be a proxy effect of parents completing 
the questions on breathlessness for their children (not shown here). Change of formulation 
may avoid misinterpretation. Nevertheless, (recurrent) breathlessness is a symptom of 
asthma and has been included in the criteria for the definition of asthma.14·15 
Virtually all subjects who reported to be breathless when walking on the flat at a normal 
pace also answered affirmatively to at least one of the questions on the symptoms that 
have been included as criteria for the diagnosis of asthma. 
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A major cause of the lack of long-term consistency in the asthma diagnosis when 
established by means of a questionnaire on chronic respiratory symptoms, is the depen­
dence on an assessment at one moment. The same problem can be found in the asses­
sment by questionnaire of other diseases of which the symptoms vary in time. While most 
questions refer to a period of at least the preceding year, the answers probably reflect the 
experiences of the preceding months. 
For epidemiologic studies, questionnaires remain the most convenient method of identify­
ing persons with asthma. In this method the diagnosis of asthma is based on the reported 
presence of chronic respiratory symptoms. The present study, however, showed that this 
resulted in an unsatisfactory long-term consistency in the asthma diagnosis. To overcome 
this, it may be recommended to use more objective methods, e.g. the measurement of 
airways obstruction and bronchial hyperresponsiveness, both generally accepted as 
hallmarks of asthma.14" 
References 
1. Speight ANP, Lee DA, Hey EN. Underdiagnosis and undertreatment of asthma in 
childhood. Br Med J 1983; 286:1255-8. 
2. Banerjee DK, Lee GS, Malik SK, Daly S. Underdiagnosis of asthma in the elderly. Br J 
Dis Chest 1987; 8 1 : 23-9. 
3. Hill RA, Standen PJ, Tattersfield AE. Asthma, wheezing and school absence in 
primary schools. Arch Dis Child 1989; 64: 246-51. 
4. Ferris BG. Epidemiology standardization project. II Recommended respiratory disease 
questionnaires for use with adults and children in epidemiologic research. Am Rev 
Respir Dis 1978; 118 (suppl.): 7-53. 
5. Florey С du V, Leeder SR. Methods for cohort studies of chronic airflow limitation. 
WHO Regional Publications, European series no. 12, Copenhagen 1982. 
6. Burney PGJ, Chinn S, Britton JR, Tattersfield AE, Papacosta АО. What symptoms 
predict the bronchial response to histamine? Evaluation in a community survey of the 
bronchial symptoms questionnaire (1984) of the International Union Against Tuberculo­
sis and Lung Disease. Int J Epidemiol 1989; 18:165-173. 
7. Burney PGJ, Laitinen LA, Perdrizet S et al. Validity and repeatibility of the IUATLD 
(1984) Bronchial Symptoms Questionnaire: an international comparison. Eur Respir J 
1989; 2: 940-5. 
8. Brunekreef B, Groot В, Rijcken В, Hoek G, Steenbekkers A, De Boer A. Reproducibi­
lity of childhood respiratory symptom questions. Eur Respir J 1992; 5:930-5. 
9. Kolnaar BGM, Van Lier A, Van den Bosch WJHM, et al. Asthma in adolescents and 
young adults: its relation to early childhood respiratory morbidity. Br J Gen Pract (in 
press). 
10. Van Weel С, Van den Bosch WJHM, Van den Hoogen HJM, Smits AJA. Develop­
ment of respiratory illness in childhood - a longitudinal study in general practice. J R 
Coll Gen Pract 1987; 37:404-8. 
27 
R E S P I R A T O R Y M O R B I D I T Y I N E A R L Y C H I L D H O O D A N D A S T H M A I N A D O L E S C E N C E 
11. Verkerk PH, Rijcken В. Evaluatie van een vragenlijst naar respiratoire symptomen en 
de maatschappelijke gevolgen hiervan in een open populatie. Τ Soc Gezondheidsz 
1988; 66:102-5 (abstract in English). 
12. Fleiss JL. Statistical methods for rates and proportions. John Wiley; New York 
1981. 
13. Morris JN. Social inequality undiminished. Lancet 1979; i: 87-90. 
14. American Thoracic Society. Standards for diagnosis and care of patients with 
chronic obstructive pulmonary disease (CÛPD) and asthma. Am Rev Respir Dis 1987; 
136:225-43. 
15. International consensus report on diagnosis and treatment of asthma. Eur Respir J 
1992; 5:601-41. 
3.2 
PROXY EFFECT OF PARENTS COMPLETING A QUESTIONNAIRE ON RESPIRATORY 
SYMPTOMS IN ADOLESCENTS* 
Abstract 
Completion of a standardized questionnaire on chronic respiratory symptoms by 
parents for their children aged 10 to 16 compared to completion by young adults 
aged 16 to 24 themselves showed a much higher prevalence of most respiratory 
symptoms in the older group. This finding suggested that the parents of the 
younger group completed the questionnaire differently than the children themselves 
would have done (proxy effect). One year later the same questionnaire was 
completed for the second time, now by all young people (so aged 10 to 24) 
themselves. The agreement between the results of the first questionnaire and those 
of the second one was much lower for the younger group than for the older one. 
This finding supported the suggestion that a proxy effect [s involved. When 
administering a questionnaire on respiratory symptoms to a population of young 
people, the proxy effect of completion by parents has to be taken into account. 
3.2.1 Introduction 
Within the framework of a follow-up study on the relationship between respiratory 
morbidity in early childhood and asthma in adolescence and young adulthood' we wanted 
to administer a postal questionnaire on respiratory symptoms to 926 subjects aged 10 to 
24 (hereafter referred to as "adolescents and young adults"). A special problem arose: as 
a rule younger children will have the questions answered for them by their parents (proxy 
respondents), while it will be more appropriate that older children, like adults, complete 
questionnaires themselves. The shift from completion by parents to self-completion will 
take place sometime in adolescence. We decided to direct the questionnaire for those 
under sixteen ("children") to the parents and for those aged sixteen and over ("young 
adults") to the young adults themselves. It appeared that the older age group reported a 
much higher prevalence of most respiratory symptoms than the parents did for the 
younger age group, consistent after correction for smoking behaviour. We presumed that 
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this difference was partly caused by completion by parents instead of completion by the 
children themselves (proxy effect). We decided to further explore this effect within the 
design of the follow-up study. 
The proxy effects in health surveys have been investigated in the case of spouses (usually 
females) completing questionnaires for their partners (usually males): both underrepor-
ting2 and overreporting3 have been demonstrated. Thus far the proxy effect in the case 
of parents completing a questionnaire on respiratory symptoms in adolescents has not 
been explored, as far as we know. 
Within the framework of the follow-up study the same adolescents and young adults had 
to be invited to undergo spirometry and a histamine-challenge test. We asked the 
participants to complete the questionnaire for the second time preceding these asses-
sments, but now all adolescents and young adults themselves. The proxy effect was 
evaluated by comparing the agreement between the results of the first questionnaire and 
those of the second one for the children under sixteen on the one hand with the agreement 
between both questionnaires for those aged sixteen and over on the other. 
3.2.2 Methods 
Study population, questionnaire and study design have been described in the study on the 
long-term consistency in the outcome of the questionnaire. In that study we used the 
questionnaire data of the subjects aged 16 to 24. For this paper also the questionnaire data 
of those aged 10 to 16 were used, viz. those of the questionnaire completed by the 
parents in the first survey in the winter of 1988-1989 (quest'89) as well as those of the 
questionnaire completed by the children themselves in the second survey in the winter of 
1989-1990 (quest'90). The version for the parents of those under sixteen and that for the 
younger group itself were in essence similar to that for the older group. 
Analysis 
The proxy effect of completion by parents was studied by comparing for each question 
separately the extent of agreement between the parents' answers to quest.'89 and the 
childrens' answers to quest. '90 for those under sixteen on the one hand with the extent of 
agreement between the answers to both questionnaires for those aged 16 and older on the 
other (categorization according to the age at the time of the first survey). In case of less 
agreement in the younger group than in the older group a proxy effect can be assumed. 
In all comparisons Cohen's kappa was used as measure of agreement.4 It gives an 
estimation of the agreement after correction for agreement by chance. Z-statistics for 
kappa were used to determine the significance of the differences between the kappa values.5 
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3.2.3 Results 
Replies to the first questionnaire were received from 851 adolescents and young adults 
(for those under sixteen from the parents), which is 92% of those invited. Of this group 
581 participated in the retest. Of these 581, 21 participants completed one or both 
questionnaires unsatisfactorily. So of 560 participants (66% of those invited for the retest; 
314 of the younger group and 246 of the older group) all necessary data from both 
questionnaires were available. 
Table 3.2.1 shows the prevalence figures and kappa values of the respiratory symptoms 
for both questionnaires and for both age groups. 
Table 3.2.1 Prevalence of symptoms according to the answers to question-
naires 1989 and 1990 and extent of agreement between these 
answers (Cohen's kappa), for both age groups (n = 560) 
Questions 
1a Cough 
1 b Chronic cough 
2a Phlegm 
2b Chronic phlegm 
3a Cough with phlegm 
3b Chronic cough 
with phlegm 
4 Wheezing 
5 Tightness with 
wheezing 
6a Breathless 
6b Breathless more 
quickly 
7a Breathl./upstairs 
7b Breathl./flat 
8a Rhinitis 
8b Chronic rhinitis 
<16 
'89 
% 
5.8 
1.6 
2.6 
0.6 
17.7 
2.6 
12.6 
3.6 
13.4 
8.0 
7.7 
1.6 
32.5 
8.3 
'90 
% 
15.0 
4.8 
9.4 
3.2 
32.8 
6.4 
19.0 
11.4 
27.8 
11.8 
25.5 
3.5 
61.5 
10.2 
n = 314 
kappa 
0.11 
0.18 
0.24 
0.33 
0.21 
0.11 
0.56 
0.20 
0.38 
0.57 
0.20 
0.11 
0.19 
0.45 
ïs16 η 
'89 
% 
10.6 
4.1 
10.7 
4.1 
32.8 
7.7 
15.2 
4.2 
26.0 
9.4 
20.8 
1.6 
45.1 
10.6 
'90 
% 
15.5 
5.3 
9.8 
4.9 
34.8 
6.9 
18.5 
8.4 
33.3 
14.2 
29.0 
5.3 
52.1 
9.8 
= 246 
kappa 
0.32 
0.41 
0.42 
0.62 
0.42 
0.46 
0.52 
0.34 
0.48 
0.42 
0.55 
0.22 
0.37 
0.33 
p-value 
0.008 
0.004 
0.02 
<0.001 
0.01 
<0.001 
0.5 
0.06 
0.2 
0.07 
<0.001 
0.1 
0.02 
0.1 
On the basis of quest.'89 the prevalence figures of most respiratory symptoms were much 
lower in those under sixteen than in the older age group. For example, the parents of 
7.7% of those under sixteen reported in quest'89 that their children have been breathless 
when going upstairs, whereas of the older group 20.8% reported this symptom. These 
differences remained after correction for smoking behaviour. Stratification revealed that 
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the prevalence figures of those aged sixteen and over were higher than those of the 
younger age group for each age. The increase of these figures for almost all respiratory 
symptoms shown in quest. '90 was much higher in the younger age group than in the older 
group, so that in quest. '90 most of these figures were about the same in both age groups. 
For example, the prevalence of breathlessness when going upstairs increased from 7.7% 
to 25.5% for those under sixteen and from 20.8% to 29.0% for those sixteen and over. 
Most kappa values were lower for the younger age group than for the older, except for 
"wheezing", "breathless more quickly than friends" and "chronic rhinitis", and most 
differences were statistically significant. 
3.2.4 Discussion 
In the first survey the answers of the parents for those under sixteen resulted in much 
lower prevalence figures for most respiratory symptoms in the younger group than in 
those aged sixteen and over who had completed the questionnaires themselves. Moreover, 
the younger group reported much higher prevalence figures in the second survey than 
their parents did for these children in the first survey; this increase was substantially 
higher than that found in the group aged sixteen and over, who had completed both 
questionnaires themselves. Furthermore, for almost all questions the agreement between 
the answers given in the first and the second survey was higher for the young adults aged 
sixteen and over than for those under sixteen. These differences suggest a proxy effect of 
parents completing the questionnaire for their children. However, in all these comparisons 
this proxy effect could not be disentangled from the effect due to long-term variations of 
respiratory symptoms. A comparison of the results of a questionnaire on respiratory 
symptoms completed by adolescents and their parents independently of each other and at 
the same time may confirm this effect. 
Parents appear to interpret the questions differently and/or to experience fewer respiratory 
symptoms in their children than the children themselves. Whether these findings reflect 
underreporting by parents or overreporting by adolescents should be the object of further 
research. It is also important to assess whether there is a critical age at which this will be 
the case. For practical reasons we decided on the age of 15 as cutoff point in our study. 
When administering a questionnaire on respiratory symptoms to a population of adoles-
cents, the proxy effect of completion by parents has to be taken into account. 
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4 
THE RELATIONSHIP BETWEEN RESPIRATORY SYMPTOMS AND BRONCHIAL 
HYPERRESPONSIVENESS IN A POPULATION-BASED SAMPLE 
OF ADOLESCENTS AND YOUNG ADULTS* 
Abstract 
Objectives: to study the relationship between chronic respiratory symptoms and 
bronchial hyperresponsiveness (BHR) in adolescence and young adulthood and to 
assess the possible predictive value of these symptoms for BHR. 
Methods: a cross-sectional analysis: in a population sample of 551 subjects aged 
10 to 24 data collected with a standardized questionnaire on respiratory 
symptoms were compared with the results of a histamine challenge test. 
Results: 4 3 % of the subjects reported one or more chronic respiratory symptoms; 
of these subjects 54% did not show BHR. Most chronic respiratory symptoms were 
related to the level of BHR, but only "breathless when walking on the flat" was 
independently related to BHR; however, its predicted value for BHR was negligible. 
Conclusions: a standardized questionnaire on respiratory symptoms used in a 
population screening of adolescents and young adults does not provide adequate 
information to discriminate between those with and without BHR. 
4.1 Introduction 
In estimating the prevalence of asthma it is not accepted to rely on the general practitioner's 
diagnosis only, since a substantial part of the patients with asthma might not be recognised 
in general practice1. Therefore, in epidemiologic surveys various standardized questionnaires 
on respiratory symptoms have been used to assess the prevalence of this condition. The 
results, however, vary widely due to the weakness of the relation between symptoms and 
airways obstruction,2·3 to the lack of agreement on the definition of asthma4 and, 
consequently, due to the lack of uniformity in methods applied. Therefore, assessing the 
diagnosis of asthma can cause problems. 
Bronchial hyperresponsiveness (BHR) is considered by many to be a hallmark of asthma.5,6,7 
In 1962 the American Thoracic Society8 included it in the definition of asthma. It was 
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expected that inclusion of BHR would solve the diagnostic problems. However, BHR is not 
specific to asthma because it has been demonstrated in patients with chronic airflow 
obstruction,9 rhinitis10 and upper respiratory tract infection," and in asymptomatic indivi-
duals with normal lung function as well.12·13 
Several cross-sectional studies1213·14·15·16·17 focused on the relation between respiratory 
symptoms and BHR. A relation between respiratory symptoms and BHR has been found. 
However, it appeared not to be possible to discriminate between subjects with and without 
BHR by means of a symptoms questionnaire.14,17 Most studies were based on populations of 
children or adults, whereas the diagnosis and treatment of asthma are problematic in 
adolescence and young adulthood as well. A further exploration of the relation between BHR 
and respiratory symptoms would be helpful in determining the usefulness of questionnaires 
for assessing the prevalence of asthma in adolescents and young adults . 
The aim of this study was to study the relationship between chronic respiratory symptoms 
and BHR in a community-based population sample of subjects aged 10 to 24, and to determine 
the predictive value of these symptoms for. BHR. 
4.2 Methods and materials 
This study was part of a follow-up study on the relationship between respiratory morbidity 
in early childhood and asthma at the age of 10 to 24.18 
Study population 
The subjects of this study were recruited from the practice population of the Continuous 
Morbidity Registration (CMR) of the Department of General Practice of the University of 
Nijmegen. The characteristics of this registration project have been described in detail 
elsewhere.1'·20 Briefly, this project includes four general practices with a stable population 
of 12,000 persons, whose sociodemographic composition and morbidity spectrum do not 
differ essentially from those of the Dutch population. 
All subjects of the practice lists of the four CMR-practices, who were bom between 1967 (the 
year the CMR-project started) and 1979 (n=1,441) and who were still on these practice lists 
at the time of this study in 1989, were invited to participate. The study was confined to 
subjects bom before 1979 to guarantee a follow-up period from birth of at least 10 years for 
the above-mentioned follow-up study. There were 926 subjects (64% of the original birth 
cohorts) who met these criteria, 484 boys and 442 girls, aged 10 to 24 at the time of this 
study (hereafter referred to as "adolescents and young adults" ). Before the start of this study 
515 subjects had left the practices; 492 had moved with their families to another area; 23 
children had died, none of them as a consequence of respiratory disease. 
The 926 subjects (in case of those younger than 16 also their parents) were given written and 
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oral explanation and they were asked to complete a respiratory questionnaire and to undergo 
spirometry and a histamine-challenge test. 
Of this group 581 subjects (63%) gave informed consent and participated in this study. Of 
551 subjects all the necessary data were available (study group). So of the 926 subjects 
invited 375 did not belong to the study group. 
The following information was collected in a survey in the winter of 1989-1990: 
• Questionnaire on respiratory symptoms: 
The questionnaire was based on the standardized questionnaire on respiratory symptoms 
(children's version) of the British Medical Research Council (BMRC) and the American 
Thoracic Society (ATS).21 Its reproducibility and criterion-validity had been found satis-
factory.22·23 
Questions on age, sex and smoking behaviour were added. The questions on chronic 
respiratory symptoms are listed in table 4.1, together with the questions on smoking 
behaviour. Asthma symptoms were considered present in case of an affirmative answer 
to at least one of the questions nr. 1, 3, 4 or 5. 
All subjects completed the questionnaire themselves. 
Table 4.1 Questionnaire 
1. Chronic cough: did you usually - at least 5 days a week - cough (e.g. when getting up, 
or during the day or at night) for at least three consecutive months? 
2. Chronic phlegm: did you usually - at least 5 days a week - bring up phlegm (e.g. when 
getting up, or during the day, or at night) for at least three consecutive months? 
3. Chronic cough with phlegm: haved you coughed up phlegm, more than usual, for at 
least 3 consecutive weeks in the last 12 months? 
4. Wheezing: have you had wheezing in your chest in the last 12 months? 
5. Tightness with wheezing: have you had attacks of tightness with wheezing in your 
chest (attacks of asthma) in the last 12 months? 
6. Breathless/age: do you think that you get breathless more quickly than friends of your 
own age? 
7a. Breathless/upstairs: have you been breathless going upstairs or riding a bike at a 
normal pace at least once in the last 12 months? 
7b. Breathless/flat: if yes, have you been breathless when you walked on the flat at a 
normal pace at least once in the last 12 months? 
8. Smoking Behaviour: do you smoke? 
Have you ever smoked, but did you stop smoking? 
• Allergy to inhalant allergens was assessed by the Phadiatop-test (Kabi Pharmacia 
Diagnostics AB, Uppsala, Sweden).24 The test was considered positive when the ratio 
(patient's serum / reference serum) was higher than 1. 
*• Spirometry and histamine-challenge protocol: 
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Spirometry was carried out with a Microspiro ш-298, a portable flow-volume meter 
(Chest Corporation, Tokyo, Japan).21 Each patient had to perform three satisfactory 
forced vital capacity (Fvc) manoeuvers (values within 10% of each other). Data were 
taken from the highest sum of FVC and the Forced Expiratory Volume in one second 
(FEV,). 
Subjects who had a FEV, á FEV,predicted - 2SD2*·27 were considered to have airways 
obstruction. 
Subjects who had a baseline FEV, <, 50% of their FEV,-predicted, or less than one litre, 
were excluded from the histamine-challenge test. 
• Histamine-challenge protocol. 
PCjo-histamine was assessed by means of the concise version of the tidal breathing 
procedure of Cockcroft et al . .M M M 
Bronchodilators and antihistamines, when used, were withheld at least eight and 48 hours 
respectively before the test. When a subject had had a respiratory tract infection with fever 
a short time before, the test was postponed for six weeks. Results were expressed as the 
concentration of histamine required to produce a 20% fall in FEV, (PC20). Subjects with 
a PCjo ^ 8.0 mg/ml were considered to have bronchial hyperresponsiveness. 
Analysis 
In order to analyse whether the study group was a representative sample of the original birth 
cohorts, sociodemographic features of the 551 subjects of the study group were compared 
with those of the original birth cohorts who did not belong to the study group. 
Univariate analyses were made to determine whether there were relations between each of 
the chronic respiratory symptoms separately on the one hand and BHR on the other. The 
relations of age, sex and smoking status to BHR were studied as well. Age, number of 
chronic respiratory symptoms and smoking status were used as categorical variables; sex and 
each respiratory symptom separately as dichotomous variables. BHR was handled in both 
ways: as a dichotomous outcome variable and as a outcome variable categorised according 
to criteria previously determined in clinical studies of asthmatic subjects.31 A chi square test 
was used to determine the significance of the relations. 
The multiple logistic regression analysis was used to identify chronic respiratory symptoms 
that were independently related to BHR (as a dichotomous outcome variable), controlling for 
the other chronic respiratory symptoms, age, sex, smoking status, prechallenge FEV, and 
allergy as potentially confounding factors. The regression analysis was repeated after 
stratification for prechallenge FEV, and allergy to examine the effect of these factors on the 
relations between chronic respiratory symptoms and BHR. 
Furthermore, the predictive values of these symptoms for BHR were assessed. 
Finally, the regression analysis was repeated using more restrictive definitions of BHR, viz. 
successively BHR in case of PC20 < 4.0 and in case of á 2.0 mgr/ml. All analyses were 
performed using the SAS statistical package (SAS Institute Inc., Сагу, NC, USA). 
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Permission for the study was given by the Ethics Committee of the Faculty of Medicine of 
the University of Nijmegen. 
4.3 Results 
The data of 30 of the 581 subjects who participated in this study were excluded from the 
analysis: three subjects were not able to perform reproducible forced expiratory manoeuvres, 
seven could not finish the challenge test due to cough, although FEV, was not significantly 
decreased, and 20 subjects did not complete the questionnaire satisfactorily. None of the 
subjects had an initial FEV, á 50 % of FEV,-predicted, or < 1 litre, so all 551 participants 
underwent the histamine challenge test. 
The comparison between the study group and those of the original birth cohorts who did not 
belong to the study group showed that of the study group (statistically) significantly fewer 
subjects belonged to the upper social class and were men than of the latter group. No 
differences were found with respect to age. 
Of the subjects 43% reported one or more chronic respiratory symptoms and 26% one or 
more asthma symptoms, BHR was found in 40% of those without asthma symptoms, 
increasing to 51% in those who reported two or more asthma symptoms (p = 0.14). 
The overall prevalence of BHR was 42%. Neither sex nor age were related to it. 
Table 4.2 shows the prevalence of the chronic respiratory symptoms and their relation to the 
prevalence of BHR. All symptoms except "chronic phlegm" were reported by a higher 
percentage of those with BHR than of those without. However, only in case of "quicker 
breathless than people of the same age" and "breathless when walking on the flat" there was 
a statistically significant relation with BHR. 
Of those who reported one or more asthma symptoms 51% did not show BHR (54% for 
chronic respiratory symptoms). Of those with BHR 70% did not report any asthma symptom 
(53% not any chronic respiratory symptom). 
The prevalence of chronic respiratory symptoms in relation to the degree of BHR is shown 
in table 4.3. In general the higher the degree of BHR, the higher the prevalence of each 
respiratory symptom. However, the differences between those with mild BHR and those 
without BHR were small. 
Of the study group 18% smoked, 5% had stopped smoking and 77% had never smoked, BHR 
was found in 34, 40 and 44 per cent respectively (p = 0.17). 
The relationship between the likelihood of a positive histamine challenge test and chronic 
respiratory symptoms was examined in a multiple logistic regression model, which included 
sex, age, smoking status, prechallenge FEV, and allergy. Of the symptoms only "breathless 
when walking on the flat" (coefficient = 1.37; ρ = 0.007) turned out to be independently 
related to BHR. Also prechallenge FEV, (c = 0.62; ρ = 0.02) and allergy (c = 0.54; ρ = 
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0.007) were independently related to BHR. However, the goodness of fit of the model 
including only the variables independently related to BHR had limited value (concordance 
51 %, discordance 26%). Therefore, there was no use assessing the predictive values of these 
factors for BHR. 
Both after stratification for FEV, and for allergy the logistic coefficients of the variables did 
not change essentially. However, in the case of airways obstruction (FEV, < FEV,-predicted -
2SD) all six subjects who had reported to get breathless when walking on the flat were 
hyperresponsive. 
When the PCjo-values 4.0 and 2.0 mgr/ml were chosen as cutoff points, (BHR considered 
present in case of PC20 ^ 4.0 or in case of < 2.0 mgr/ml), the overall prevalence of BHR 
was 24% and 14% respectively. Repetition of the multiple logistic regression analysis showed 
that using these two lower cutoff points, no longer "breathless when walking on the flat" (c 
= 0.88; ρ = 0.08, and с = -0.90; ρ = 0.23 respectively), but "quicker breathless than 
people of the same age" was significantly related to BHR (C = 1.21; ρ < 0.001, and с = 
1.25; ρ < 0.001 respectively). Again, in both cases the goodness of fit of the models was 
not sufficient to allow a useful assessment of predictive values, and stratification did not 
show a significant effect of prechallenge FEV, or allergy on the relation found. 
Table 4.2 Prevalence of chronic respiratory symptoms in the total study 
group and by histamine challenge test (HCT) response 
Whole study Positive" Negative 
Respiratory group HCT HCT 
symptoms η = 551 η = 232 η = 319 OR 95% CI p-value 
Chr. cough 2 8 ( 5 ) 14 ( 6) 14 (4) 1.4 0.7-3.0 0.4 
Chr. phlegm 2 2 ( 4 ) 9 ( 4) 13 (4) 1.0 0.4-2.3 0.9 
Chr. cough/phlegm 3 7 ( 7 ) 19 ( 8) 18 ( 6) 1.5 0.8-2.9 0.3 
Wheezing 106(19) 52(22) 54(17) 1.4 0.9-2.2 0.1 
Tightness/wheezing 60(11) 30(13) 30 (9) 1.4 0.8-2.5 0.2 
Breathless/age 72(13) 42(18) 30 (9) 2.1 1.3-3.5 0.003 
Breathless/upstairs 150(27) 68(29) 82(26) 1.2 0.8-1.8 0.3 
Breathless/flat 2 4 ( 4 ) 16 (7) 8 ( 3 ) 2.9 1.2-6.9 0.01 
Any asthma symptom" 143(26) 70(30) 73(23) 1.5 1.0-2.1 0.05 
Results are presented as numbers of subjects (column percentages in parentheses) 
CI = confidence interval 
" Positive if PC20 s 8.0 mg/ml. 
6
 In case of an affirmative answer to at least one of the questions on "chronic cough", 
"chronic cough with phlegm", "wheezing" and "tightness with wheezing" 
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Table 4.3 Prevalence rates of chronic respiratory symptoms in each grade of 
bronchia/ responsiveness (BR) * 
Severe 
0 
η •• 
Respiratory 
symptoms 
Chronic cough 
Chronic phlegm 
Chronic cough/phlegm 
Wheezing 
Tightness/wheezing 
Breathless/age 
Breathless/upstairs 
Breathless/flat 
Any asthma symptom* 
•0.5 
= 35 
6% 
6 
6 
20 
54 
31 
51 
49 
11 
57 
Degree of BR 
PCn 
Moderate 
η 
1 -2 
= 41 
7% 
7 
2 
5 
29 
22 
22 
32 
0 
39 
, grouping (mg/ml) 
Mild 
4-8 
η = 156 
28% 
6 
4 
6 
14 
6 
10 
24 
8 
22 
NoBHR 
;» 16 
η = 319 
58% 
4 
4 
6 
17 
9 
9 
26 
3 
23 
4 
ρ - valut 
0.8 
0.9 
0.01 
< 0.001 
< 0.001 
< 0.001 
0.02 
0.005 
< 0.001 
η = 551 
* Data are percentages of total in each column. 
* in case of an affirmative answer to at least one of the questions on "chronic cough" 
"chronic cough with phlegm", "wheezing" and "tightness with wheezing" 
4.4 Discussion 
This study reports the results of ал analysis of the relation between chronic respiratory 
symptoms and BHR in adolescents and young adults. Only "breathless when walking on the 
flat" turned out to be independently related to BHR. The prevalence of most chronic 
respiratory symptoms was related to the severity of BHR. However, the standardized question­
naire on these symptoms used in this population of adolescents and young adults did not 
provide adequate information to discriminate between those with and without BHR. These 
results are consistent with those of studies in other age groups.10·15 The results were not 
dependent on the presence of allergy to inhalant allergens nor on the presence of airways 
obstruction. Since the PC^-histamine value 8.0 mgr/ml as cutoff point between BHR and non-
BHR is arbitrary, we repeated the analysis for successively 4.0 mgr/ml and for 2.0 mgr/ml. 
These analyses, however, did not show results which differed essentially. 
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It was demonstrated that it is possible to determine the prevalence and severity of BHR in a 
large population of adolescents and young adults by means of a concise version of Cockroft's 
histamine challenge test. No serious side-effects of the test were observed. 
The study group originated from birth cohorts of four general practices. The comparison of 
this group with those of the original birth cohorts who did not participate in the study showed 
that there was a small but statistically significant selection tending towards lower social class 
and female sex. Since morbidity figures are higher in lower social classes,32 the prevalence 
of symptoms and BHR may be overestimated. However, in all probability this small selection 
will not have influenced the results of the analysis of the relationship between symptoms and 
BHR. 
The prevalence of "any asthma symptom" found in this study was higher than most of those 
reported in other studies, in which the highest estimates approximate to 3 4 % . " However, it 
is difficult to compare the findings because in almost every study the symptoms considered 
as asthma symptoms differ, the age groups differ and other questionnaires are used. 
For each symptom the prevalence figures were two to five times higher than those assessed 
with the same questionnaire in a survey of schoolchildren aged 6 to 1 2 . и Difference in age 
group and the fact that in that study the parents completed the questionnaire whereas in the 
present study the questionnaire was completed by the adolescents and young adults 
themselves, may have contributed to this difference. 
The prevalence of BHR found in this study was higher than that reported in other population-
based studies of children and adolescents, ranging from 4 % " to 22% M . The differences 
in age distribution and in methods of measuring and defining BHR (other cutoff points) may 
partly explain this discrepancy. When lower pc20-values were chosen as cutoff points to 
define BHR, the prevalence of BHR was more in agreement with that shown in other studies. 
It is unlikely that the above-mentioned selection bias has been an important cause of the high 
prevalence of BHR found in this study. It was probably not the result of recent respiratory 
infections either, since in that case the histamine challenge test was postponed for six weeks. 
Most tests were performed in December and January, thus avoiding the influence of the grass 
pollen season." Method failure seems to be an unlikely explanation as a standardized 
method was used29 with regular calibration of the meters. Poor motivation in performing 
spirometry may have influenced the results, though the data of inadequately performed forced 
expiratory manoeuvres were excluded from the analysis. 
No relationship was found between BHR and sex, which is consistent with other investiga­
tions,1215 but in contrast to other studies12 BHR was not related to age either. 
An important finding was that a substantial part of those with asthma symptoms did not show 
BHR. Recently evidence has been provided that children with wheezing but without BHR show 
similar characteristics to asymptomatic non-hyperresponsive children,36 and this was 
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confirmed after a one-year follow-up." This points to the fact that studies on the prevalence 
of asthma which only rely on data from questionnaires on these symptoms, are likely to 
overestimate its prevalence. 
Of all subjects with BHR 70% did not report any asthma symptom. Asymptomatic BHR has 
been found in other studies as well.1213 3 4 · 3 > Those with asymptomatic BHR may run a higher 
risk of developing asthma in later life.39 Hopp and colleagues found that BHR usually 
precedes the onset of asthma.40 Long-term follow-up studies of asymptomatic BHR may shed 
more light on this issue. 
With respect to the problem of assessing the diagnosis of asthma in screening surveys we 
want to point out that for us as clinicians it is hard to accept that individuals without 
symptoms could have asthma. On the other hand, a substantial part of symptomatic 
individuals appears to have normal bronchial responsiveness, which may question the 
presence of airway inflammation and, in consequence, of asthma. For that reason, the 
presence of both asthma symptoms and BHR could be recommended as conditions in 
establishing the diagnosis of asthma in screening surveys.36 This is consistent with the 
recently published International Consensus Report on Diagnosis and Treatment of Asthma.7 
Standardized questionnaires should be developed, which are more valid for BHR, e.g. by 
adding questions more specific to BHR, dealing with the symptomatic response to different 
stimuli (cold air, dust, exercise, chemical irritants). 
In summary, there were two main findings in this study of a community based sample of 
subjects aged 10 to 24; firstly, of several chronic respiratory symptoms only "breathless 
when walking on the flat" was independently related to BHR, but its predictive value for BHR 
was negligible; and secondly, of the subjects who showed BHR 70% did not report any 
asthma symptom, whereas 51% of those with one or more asthma symptoms did not show 
BHR. 
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ASTHMA IN ADOLESCENTS AND YOUNG ADULTS: 
ITS RELATION TO EARLY CHILDHOOD RESPIRATORY MORBIDITY* 
Abstract 
Objectives: to study the relationship between early childhood respiratory illness and 
asthma in adolescence and young adulthood (age period 10 to 24 years). 
Design: a historical cohort analysis. 
Setting: four general practices forming the Continuous Morbidity Registration (CMR) 
Nijmegen. 
Population: 277 boys and 274 girls, born between 1967 and 1979 and registered 
since their birth till the year of the study (1989) on the practice lists of these 
practices. 
Data collected: 
. all episodes of respiratory morbidity presented in the first five years of life and 
registered in the CMR; 
. data of current respiratory status by means of a questionnaire on respiratory 
symptoms, spirometry and histamine-challenge test. 
Results: 16 % of the study group were diagnosed with asthma. Only asthma and 
acute bronchitis in early childhood were significantly associated with asthma at 
ages 10 to 24. 
Conclusions: asthma in adolescence and young adulthood is related with asthma 
and acute bronchitis in early childhood. This study can support the view that there 
is a causal relation. An alternative explanation can be misclassification. There are 
no indications found in this study that upper respiratory tract infections are 
associated with the development of asthma in adolescence and young adulthood. 
5.1 Introduction 
It has been suggested that early childhood respiratory morbidity is involved in the 
development of asthma,1,2 particularly lower respiratory tract infections have been 
related to the development of this condition.3'4 This mechanism is poorly understood. It 
seems probable that severe acute lower respiratory infections cause irreparable damage to 
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the epithelium of the bronchi and bronchioles and to the irritant receptors in this epitheli-
um, resulting in a state of chronic hyperreactive airways.5·6 Epidemiological support for 
this hypothesis has been provided by several studies demonstrating a relation between 
lower respiratory tract infections in early childhood and subsequent bronchial hyperres-
ponsiveness (BHR)7·8·'·10. The anatomical changes and the enhanced reactivity might 
make the airways more susceptible to other harmful agents (e.g. cigarette smoke) or to 
repeated infections, thus initiating a process of progressive damage and decline of respi-
ratory function, leading to asthma or chronic obstructive pulmonary disease in later life. 
The recent finding of Hopp et al. that BHR usually precedes the onset of asthma supports 
this hypothesis." 
Epidemiological studies on this subject were comprehensively reviewed by Samet et al in 
1983.12 They concluded that there were important methodological shortcomings in most 
of these studies, for they were for the greater part retrospective and/or hospital-based, 
resulting in recall bias13 and a limited possibility of generalization of the results. In their 
view, the evidence for a relation between childhood respiratory illness and chronic airflow 
obstruction in adult life was not complete enough to allow firm conclusions. 
Since this review some other studies1,1·15·16·17 have reported a relation between child-
hood respiratory morbidity and asthma in adulthood, partly avoiding the methodological 
problems mentioned. In all these studies the diagnosis of asthma was based on signs 
and/or symptoms and/or spirometry. No evidence is available on the development of 
bronchial hyperresponsiveness, which is an important factor in the hypothesis. Moreover, 
BHR is generally recognised as an essential diagnostic feature of asthma.18 
The aim of the present study was to test the hypothesis of a relationship between early 
childhood respiratory illness and asthma in adolescence and young adulthood. Respiratory 
symptoms, lung function and bronchial responsiveness were assessed in a sample of 551 
adolescents and young adults, whose morbidity had been recorded prospectively since 
their birth in a registration project in general practice. Also the influence of sex, 
socioeconomic status, allergy and other covariates on this relationship has been deter-
mined. 
5.2 Methods and materials 
Study population 
The subjects of this study were recruited from the practice population of the Continuous 
Morbidity Registration (CMR) of the Department of General Practice of the University of 
Nijmegen. The characteristics of this registration project have been described elsewhe-
re1'·20. All the subjects of the practice lists of the four CMR-practices, who were bom 
between 1967 (the year the CMR-project started) and 1979 (n=1441) and who were still 
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Table 5.1 Diagnoses in the study and their relation to the Internationa/ Classi-
fication of Health Problems in Primary Care23 
Diagnosis 
Asthma 
Hay fever 
Pneumonia 
Acute bronchitis 
Laryngitis 
Conforms 
ICHPPC-2 
code num-
ber 
493 
477 
486 
466 
464 
Inclusion criteria 
Recurrent episodes of acute bronchial obstruction with 
one of the following: 
a) Pulmonary function tests showing variable obstruc-
tion, relieved by bronchodilators 
b) Two of the following: 
(i) Wheeze 
(ii) Dry cough 
(iii) Prolonged expiratory phase of respiratory cycle 
Three of the following on a chronic or seasonal basis: 
a) Sneezing 
b) Nasal obstruction 
c) Clear nasal discharge 
d) Watering eyes 
e) Edema of the nasal mucosa 
Evidence of pulmonary consolidation shown by one of 
the following: 
a) Typical X-ray appearance 
b) Clinical signs of three of the following: 
(i) Diminished air entry 
(ii) Dullness to percussion 
(iii) Bronchial breath sounds 
(iv) Fine crepitations 
(v) Increased vocal fremitus and resonance 
Incl. bacterial and viral pneumonia; influenzal pneumonia. 
Excl. aspiration pneumonia. 
Both of the following: 
a) Cough 
b) Scattered or generalized abnormal chest 
signs-wheeze, coarse or moist sounds 
Incl. bronchiolitis; tracheobronchitis 
A. For laryngitis, acute, croup and epiglottitis-one of the 
following: 
a) Hoarseness 
b) Stridor 
c) Visibly red epiglottis 
B. For tracheitis, acute-both of the following: 
a) Persistent deep dry painful cough (barking in children) 
b) Absence of abnormal chest signs 
Incl. croup, epiglottitis, acute tracheitis 
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Tonsillitis 
Otitis media 
Common cold 
463 incl. 
proven 
streptococ-
cal infecti-
ons (034) 
3820 
460 incl. 
influenza 
(487) 
Four of the following: 
a) Sore throat 
b) Reddening of tonsil(s) more than the posterior pha-
ryngeal wall 
c) Pus on tonsil(s) 
d) Swelling of the tonsil(s) 
e) Enlarged tender regional lymph nodes 
f) Fever 
One of the following: 
a) Recent perforation of the tympanic membrane 
discharging pus 
b) Inflamed and bulging tympanic membrane 
c) One ear drum is more red than the other 
d) Red tympanic membrane, with ear pain 
e) Bullae on the tympanic membrane 
Both of the following: 
a) Evidence of acute inflammation of nasal or pharyngeal 
mucosa 
b) Absence of criteria for more specifically defined acute 
respiratory infection 
Incl. cold; nasopharyngitis; pharyngitis; rhinitis 
For influenza one of the following: 
a) Viral culture or serological evidence of influenza virus 
infection 
b) Influenza epidemic, plus four of the criteria in (c) 
c) Six of the following: 
(i) Sudden onset (within 12 hours) 
(ii) Cough 
(iii) Rigors or chills 
(iv) Fever 
(v) Prostration and weakness 
(vi) Myalgia, widespread aches and pains 
(vii) No significant respiratory physical signs other 
than redness of nasal mucous membrane and 
throat 
(viii) Influenza in close contacts 
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on the practice lists at the time of this study in 1989, were invited to participate. The 
study was confined to subjects bom before 1979 to guarantee a follow-up period from 
birth of at least 10 years. There were 926 subjects (64%) who met these criteria, 484 
boys and 442 girls, aged 10 to 24 at the time of this study (hereafter referred to as 
"adolescents and young adults"). Before the start of this study 515 subjects had left the 
practices; 492 had moved with their families to another area; 23 children had died, none 
of them as a consequence of respiratory diseases. 
The 926 subjects (in case of those younger than 16 also their parents) were given written 
and oral explanation and they were asked to complete a respiratory questionnaire and to 
undergo spirometry and a histamine-challenge test. 
Of this group 581 subjects (63%) gave informed consent and participated in this study. Of 
551 subjects all the necessary data were available (study group). 
Data collection 
The data of early childhood morbidity used for this study were prospectively collected in 
the CMR. 
The following aspects of this database and of the Dutch health care system are of special 
importance for this study: 
in the Netherlands every citizen« is registered with a personal general practitioner; 
specialist care is only available through referral by this general practitioner; 
in the CMR all episodes of diseases21 presented to the general practitioner are registe­
red, classified (adapted Dutch version of the E-list22) and entered. Follow-up con­
tacts for episodes already correctly diagnosed and coded are not recorded; 
diagnoses and codes are corrected when necessary. All the diagnoses made or 
corrected through specialist care are included as well; 
in case of chronic diseases21 (in this study: asthma and hay fever) only the first 
presentation is recorded; if the disease continues to be relevant, later presentations in 
the following years are recorded with a prevalence code;20 
All respiratory diagnoses ever recorded in the study population were included in this 
study. Table 5.1 lists these diagnoses in relation to the categories of існррс-2-defined.23 
The following information was derived from the CMR as well: 
data on age, sex and socioeconomic status; 
a family history (parents or siblings) of asthma or chronic obstructive pulmonary 
disease, hay fever and atopic eczema; 
illness behaviour: defined as the tendency to present an experienced illness to the 
general practitioner.24·25 It is reflected by the extent to which non-serious diseases 
are presented to the practitioner. In this study it was assessed by counting the number 
of episodes of non-serious diseases19 (excluding respiratory diseases) presented to the 
general practitioner in the five years preceding the start of this study. 
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Current respiratory status 
Current respiratory status was assessed by questionnaire, spirometry and histamine 
challenge test in a survey in the winter of 1989-1990. 
The questionnaire was based on the standardized questionnaire on respiratory symptoms 
(children's version) of the British Medical Research Council (BMRC) and the American 
Thoracic Society (ATS).26 Its reproducibility and criterion-validity had been found satis-
factory.27·2' Questions on smoking behaviour were added. All subjects completed the 
questionnaire themselves. 
The answers to the questions on respiratory symptoms have been analysed as asthma 
score. The questions used for this score are listed in table 5.2, together with the questions 
on smoking habits. Asthma symptoms were considered present (a positive asthma score) 
in case of at least one affirmative answer to these questions. 
Spirometry was carried out with the Microspiro HI-298 (Chest Corporation, Japan).29 
Each patient had to perform three satisfactory forced vital capacity (FVC) manoeuvers 
(values within 10% of each other). Data were taken from the highest sum of FVC and the 
Forced Expiratory Volume in one second (FEV,). 
Subjects who had a FEV, ¿ FEV,-predicted - 2SD30·31 were considered as having airways 
obstruction. 
Subjects who had a baseline FEV, < 50% of their FEV,-predicted, or less than one litre, 
were excluded from the histamine-challenge test. 
The histamine-challenge test was performed using the concise version (according to 
Hargreave and colleagues32) of the method by Cockcroft and colleagues.33 
Bronchodilators and antihistamines, when used, were withheld at least eight and 48 hours 
respectively before the test. When a subject had had a respiratory tract infection with 
fever a short time before, the test was postponed for six weeks. Results were expressed as 
the concentration of histamine required to produce the 20% fall in FEV, (PC^,). Subjects 
with a PCM < 8.0 mg/ml were considered to have bronchial hyperresponsiveness. 
Allergy to inhalant allergens was assessed by the Phadiatop-test (Kabi Pharmacia 
Diagnostics AB, Sweden).34 
Definition of asthma 
Asthma was defined as the presence of chronic and/or recurrent respiratory symptoms in 
combination with airways obstruction and/or bronchial hyperresponsiveness. 
Subjects were considered to have asthma when they 
gave an affirmative answer to at least one of the questions on the respiratory symp-
toms given in table 5.2 (asthma symptoms: wheezing or chronic cough in the last 
year) 
and when they 
. were either hyperresponsive (in case of PC20 á 8mg/ml) 
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. or had a FEV, :S FEV,-predicted minus two times the standard deviation (airways 
obstruction) 
All the subjects who had been diagnosed as asthmatics and/or who were being treated for 
asthma by their general practitioner in the five years preceding the start of this study were 
considered to have asthma as well, regardless of their screening results. 
Table 5.2 Questionnaire: questions on asthma symptoms and smoking behavi-
our and the prevalence of these factors assessed by means of this 
questionnaire in the study group 
Question Prevalence 
1. Chronic cough: did you usually -at least 5 days a 
week- cough (e.g. when getting up, or during the day, 5 % 
or at night) during a period of at least three 
consecutive months? 
2. Chronic cough with phlegm: have you coughed up phlegm, 
more than usually, for at least 3 consecutive weeks 7 % 
in the last 12 months? 
3. Wheezing: have you had wheezing in your chest in the 
last 12 months? 19 % 
4. Tightness with wheezing: have you had attacks of 
tightness with wheezing in your chest (attacks of 11 % 
asthma) in the last 12 months? 
5. Smoking Behaviour: do you smoke? 18 % 
have you ever smoked, but did you stop smoking? 5 % 
6. Parental smoking: did your parents smoke during 
your first five years of life? 72 % 
Analysis 
It was analysed whether the participants in this study formed a representative sample of 
the original birth cohorts. For that purpose they were compared with those of the original 
birth cohorts, who did not belong to the study group. The comparison was made with 
regard to sociodemographic features and respiratory morbidity recorded in the first five 
years of life. For that reason the children who had left the practices before" the age of five 
(of which, therefore, not all the necessary data were available) were ignored in this 
respect. 
In analysing the relation between early childhood respiratory morbidity and asthma in 
adolescence and young adulthood the former was considered as the independent and the 
latter as the dependent variable. > 
51 
RESPIRATORY MORBIDITY IN EARLY CHILDHOOD AND ASTHMA IN ADOLESCENCE 
First a simple analysis was made: each respiratory illness in early childhood was 
separately related to asthma in adolescence and young adulthood. A chi square test was 
used to determine the significance of the relations. 
In order to determine the influence of potentially interacting factors (sociodemographic 
characteristics, family history of asthma, hay fever or atopic eczema, allergy to inhalant 
allergens, illness behaviour and active and passive smoking) on the relations found by 
means of the simple analysis, the Breslow-Day test was used.'5 When studying a 
relationship within categories (strata) of a potentially interacting factor, with this test it 
can be determined whether the odds ratios or relative risks of the strata significantly 
differ. If so, it can be concluded that the strength of the relationship depends on the 
categorie or level of the interacting factor. 
Next a multiple logistic regression analysis was made. It is an analysis method that 
involves finding the "best" mathematical model (in this case in a logistic form) to describe 
a dependent variable as a function of several independent variables or to predict the 
dependent variable from these independent variables.36·37 Here it was used to identify 
early childhood respiratory illnesses that were independently related to asthma in 
adolescence and young adulthood controlling for the above-mentioned potentially interac­
ting factors. Furthermore, the potentially predictive values of these illnesses for asthma in 
adolescence and young adulthood were assessed. 
The regression analysis was repeated with the respiratory morbidity recorded during the 
rest of the years till the start of the study. 
Finally, the regression analysis was made using more specific criteria for the diagnosis of 
asthma in adolescence and young adulthood, to study the influence of this change on the 
results of the logistic regression analysis. 
All analyses were performed using the SAS statistical package (SAS Institute Inc., Сагу, 
NC, USA). 
The study was approved by the Ethics Committee of the Faculty of Medicine of the 
University of Nijmegen. 
5.3 Results 
The data of 30 of the 581 subjects who participated in this study were excluded from 
analyses: three subjects were not able to perform reproducible forced expiratory 
manoeuvres, seyen could not finish the challenge test due to cough although FEV, was not 
significantly decreased, and 20 subjects did not complete the questionnaire satisfactorily. 
None of the subjects had an initial FEV, <, 50 % of FEV,-predicted, or ^ 1 litre. 
The comparison between the study group and those of the original birth cohorts, who did 
not belong to the study group showed that of the former significantly fewer subjects 
belonged to the upper social class and to the male sex than of those of the original birth 
cohorts who did not participate, and the latter presented significantly fewer episodes of 
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most respiratory diseases in the first five years of life than the participants. No differen­
ces were seen with respect to age. 
Table 5.2 shows the prevalence of the asthma symptoms. One or more asthma symptoms 
were present in 143 subjects (26%). Airways obstruction could be demonstrated in 93 
(17%) and bronchial hyperresponsiveness in 232 subjects (42%). On the basis of the 
screening criteria asthma was diagnosed in 82 subjects (13%). Moreover, 25 subjects 
(5%) were being treated for asthma by the general practitioner. Overall, asthma was 
diagnosed in 89 subjects: a prevalence of 160 per 1,000. 
Table 5.3 shows the relation between respiratory illnesses in the first five years of life 
and asthma between 10 and 24. Only asthma and acute bronchitis in early childhood were 
significantly related to asthma between 10 and 24. The unadjusted relative risks and 95% 
confidence intervals of these relations were 3.0 (1.8 - 5.0) and 1.9 (1.3 - 2.7) respective­
ly· 
Table 5.3 Asthma between 10 and 24 in relation to respiratory illness in the 
first five years of life. 
Respiratory illness 
at age 0 - 4 
Asthma at age 10-24 
yes no 
„ = 89 n = 462 
(16%) (84%) 
% % RR 95% C.I. p-value 
asthma 
acute bronchitis 
pneumonia 
hay fever 
common cold* 
laryngitis 
tonsillitis 
otitis media 
yes 
no 
yes 
no 
yes 
no 
yes 
no 
yes 
no 
yes 
no 
yes 
no 
yes 
no 
(22) 
(529) 
(200) 
(351) 
(46) 
(505) 
(15) 
(536) 
(286) 
(265) 
(48) 
(503) 
(301) 
(250) 
(319) 
(232) 
45 
15 
23 
12 
22 
16 
13 
16 
17 
15 
19 
16 
14 
18 
18 
14 
55 
77 
88 
78 
8 4 
87 
8 4 
8 3 
85 
81 
8 4 
86 
82 
82 
86 
3.0 
1.9 
1.4 
0.8 
1.1 
1.2 
0.8 
1.3 
1.8-
1.3-
0 . 8 -
0 . 2 -
0 . 7 -
0 . 6 -
0 . 5 -
0 . 9 -
5.0 
2.7 
2.5 
3.0 
• 1.6 
2.2 
1.1 
• 1.9 
0 . 0 0 0 9 
0 . 0 0 1 
0 . 2 8 
0.76 
0 . 6 8 
0.61 
0 . 1 9 
0 . 2 0 
η = 551; C.I. = confidence interval 
* ^ 4 episodes 
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Table 5.4 Relative risk estimates (and 95% confidence intervals) for asthma 
between 10 and 24 In relation to acute bronchitis in the first five 
years of life, controlling for interacting variables 
Controlling for 
Significance 
of difference 
between strata 
RR 95% C.I. (p-valuel 
Age 
Gender 
Social class 
Practice 
< 16 
> 16 
boys 
girls 
lower 
upper 
1 
2 
3 
4 
Family history of: 
. asthma 
. hay fever 
. atopic ecz. 
Allergy* 
Illness behavii 
no 
yes 
no 
yes 
no 
yes 
no 
yes 
3ur*· 
less 
more 
Personal smoking behaviour 
never 
ever 
Passive smoking 
no 
yes 
306 
245 
277 
2 7 4 
2 7 2 
279 
215 
38 
155 
143 
4 4 2 
109 
3 9 6 
155 
4 4 4 
107 
3 2 9 
163 
2 7 0 
2 7 2 
4 2 1 
130 
153 
3 9 8 
2.37 
1.36 
1.71 
2.06 
2.27 
1.63 
2.22 
3.25 
1.50 
1.90 
2.12 
1.19 
2.17 
1.31 
1.98 
1.55 
2.08 
1.50 
2.54 
1.48 
1.95 
1.54 
3.78 
1.43 
(1.47-3.80) 
(0.73-2.53) 
(1.02-2.87) 
(1.18-3.59) 
(1.28-4.01) 
(0.96-2.77) 
(1.16-4.25) 
(0.62-17.0) 
(0.81-2.77) 
(0.86-4.21) 
(1.38-3.24) 
(0.53-2.69) 
(1.39-3.38) 
(0.64-2.69) 
(1.28-3.07) 
(0.74-3.24) 
(1.12-3.87) 
(0.91-2.46) 
(1.39-4.66) 
(0.91-2.43) 
(1.22-3.12) 
(0.73-3.22) 
4 
(1.81-7.88) 
(0.91-2.24) 
0.13 
0.64 
0.43 
0.81 
0.22 
0.24 
0.64 
0.60 
0.21 
0.63 
0 . 0 2 
η = 551; C.I. = confidence interval 
* missing 59; * * missing 9 
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Table 5.4 shows the influence of various possibly confounding or effect-modifying factors 
on the relation between acute bronchitis in the first five years of life and asthma between 
10 and 24. This relation only appeared to be dependent on passive smoking in the first 
five years of life. For those who had acute bronchitis in their first 5 years of life the risk 
of having asthma between 10 and 24 was higher when there was no history of passive 
smoking in early childhood. 
The results of the various multiple logistic regression analyses are not shown in a table, 
but described below: 
The multiple logistic regression analysis showed that only early childhood asthma and 
acute bronchitis were independently related to asthma in adolescence and young adult-
hood. However, the goodness of fit of the model with only these two conditions as 
independent variables had limited value (concordance 63%, discordance 37%). Therefore, 
there was no use assessing the predictive values of these illnesses to asthma in adolescen-
ce and young adulthood. 
A multiple logistic regression analysis using respiratory morbidity after the age of five as 
independent variable showed the same results. 
In order to investigate whether the results of the logistic regression analysis were 
dependent on the criteria on which the diagnosis of asthma was based they were repeated 
after alteration of these criteria: the criterion "at least one affirmative answer to the 
respiratory questions" was changed into "affirmative answers to all respiratory questions 
of the questionnaire". 
The results of this logistic regression analysis was the same as those of the logistic 
regression analyses employed earlier: of early childhood morbidity, only asthma and acute 
bronchitis were independently related to asthma in adolescence and young adulthood. 
5.4 Discussion 
In this study the relationship was investigated between respiratory morbidity in early 
childhood and asthma in adolescence and young adulthood. 
Satisfactory data were obtained from 551 subjects born between 1967 and 1979 in four 
general practices. It was essential that the subjects studied were a stable group - their data 
had to be followed for qt least ten years. In the practices of this study about two thirds of 
the subjects met this criterion. The study required extensive testing inevitably leading to 
drop-out. But again nearly two thirds of the subjects meeting the study criterion agreed to 
take part. On the basis of the comparisons of the participants with those of the original 
birth cohorts, who did not belong to the study group it appeared that the participants 
formed a group presenting higher numbers of respiratory morbidity in general practice. 
However, this selection has had probably no influence on the results of the analysis on the 
relation between early childhood respiratory morbidity and asthma at age 10 to 24 since 
the excluded group neither consisted of the children with only low nor with only high 
levels of respiratory morbidity. 
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When the diagnosis of asthma is based on both the general practitioner's recognition and 
screening results, the prevalence of asthma in this study population is 16%. Other studies 
have found a prevalence of 3 to 31 %.з8,з9,4о,4і,42 ¡ t ¡s difficult, however, to compare 
these figures, since the methods applied to assess this prevalence vary widely. 
Most studies on the relationship between respiratory morbidity in early childhood and 
asthma in later life were retrospective and/or hospital-based.12 In this study prospectively 
collected data on respiratory morbidity have been used, so the problem of lack of recall 
and recall bias has been avoided. Moreover, the data are based on the diagnostic opinion 
of general practitioners. However, only episodes of diseases presented to the general 
practitioner have been involved. A previous study in the CMR-population showed that 
patients present only a small part (10%) of their experienced illnesses.43 Illness behavi-
our will particularly influence the presentation of less serious illnesses such as upper 
respiratory tract infections; it will influence the presentation of more serious morbidity 
like asthma, acute bronchitis and pneumonia to a lesser extent. 
It is suggested that asthma is underdiagnosed in general practice.44·45·46 Therefore, the 
diagnosis of asthma could not be based on the registration of the general practitioner 
alone. Screening on asthma was considered necessary. However, there is still no 
consensus about the criteria for identification of asthma in epidemiological studies. For 
that reason, any choice of criteria remains inevitably arbitrary. It is a problem of 
sensitivity and specificity. In this study it was considered important that asthma in 
adolescence and young adulthood, the dependent or outcome variable, should be defined 
in such way that all the subjects labeled as asthmatics had asthma as sure as possible. 
Asthma symptoms can be present in and/or can be reported by subjects who do not have 
asthma. In the population of the present study the prevalence of asthma symptoms was 
high: more than a fourth of all subjects reported at least one asthma symptom. If the 
diagnosis of asthma had only been based on these symptoms, it might have overestimated 
the prevalence, BHR has been considered by many researchers47·48·49 and the American 
Thoracic Society18 as an essential diagnostic feature of asthma. However, both its 
specificity50·51·52 and its sensitivity53·54·55 to asthma have been questioned. Therefo-
re, the diagnosis of asthma has not been based on BHR alone but on BHR and/or airways 
obstruction in the presence of asthma symptoms, thus fulfilling the need for specificity 
and sensitivity. Recently, symptomatic BHR has been shown the most useful definition to 
date for measuring the prevalence of clinically important asthma in populations.56 
Subjects recognised in general practice as asthmatics in the last five years preceding the 
study were considered as asthmatics as well, independently of the screening results, to 
avoid that asthmatics should be missed which not fulfilled the screening criteria, possibly 
the result of the influence of therapy and management on symptoms and/or spirometrie 
results of the subjects. 
Changing some criteria, thus making the diagnosis of asthma less sensitive and more 
specific, did not change the results essentially. Therefore, it can be concluded that the 
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weak relation found in this study cannot be attributed to the choice of the criteria for 
asthma. 
Our results only showed a relation between asthma and acute bronchitis in early childhood 
and asthma in adolescence and young adulthood. This confirms the view that asthma in 
early childhood is usually of a lasting character, where the disease disappears with age in 
only a minority of children. A relation between pneumonia and asthma could not be 
excluded on the basis of this study because of the small number of children that had had 
pneumonia in their first five years of life. These relations have been found in other 
studies as well,2141617 and are compatible with an increased bronchial responsiveness as a 
pathophysiological pathway of asthma." Another explanation for these relations can be a 
classification problem: symptoms attributed to acute bronchitis and, less probably, 
pneumonia in early childhood could have been the first manifestation of asthma. The 
eventual diagnosis of asthma requires recurring episodes of this disease, initially diagno-
sed as acute bronchitis or pneumonia. 
Other investigators have also found a relation between tonsillitis, sinusitis, hay fever in 
childhood and asthma in later life.2,17 The results of the present study did not confirm 
these findings. 
The relation between acute bronchitis in early childhood and asthma in adolescence and 
young adulthood appeared to be dependent on passive smoking in early childhood. For 
those who had acute bronchitis in their first 5 years of life the risk of having asthma at 
age 10 to 24 was higher when they did not have a history of passive smoking in the first 
five years of life. This surprising finding can be explained as a "healthy passive smokers 
effect", due to selective non-smoking in high-risk families. If this is true, it might be an 
indication of the role of acute bronchitis in the pathogenesis: there was found a relation 
between acute bronchitis in early childhood and asthma in adolescence and young 
adulthood. But the fact that this was particularly strong in children of non-smokers' 
households could indicate that acute bronchitis is more a marker of children at risk than a 
causal factor in itself. Otherwise it would have been expected that the relation of acute 
bronchitis with asthma later was strenghtened by passive smoking. 
In conclusion, only early childhood asthma and acute bronchitis are weakly related to 
asthma in adolescence and young adulthood and appear to be relevant factors. The 
relation to acute bronchitis is compatible with the assumed influence of lower respiratory 
tract infections on bronchial hyperresponsiveness. This needs further research. The 
alternative explanation points' to misclassification of early childhood asthma. Both patients 
with asthma and (apparent) acute bronchitis in early childhood need close observation and 
follow-up. 
In this study no indications were found that upper respiratory tract infections are related 
to the development of asthma in adolescence and young adulthood. 
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6 
A S T H M A I N A D O L E S C E N T S A N D Y O U N G A D U L T S : 
SCREENING OUTCOME VERSUS DIAGNOSIS IN GENERAL PRACTICE' 
Abstract 
Objectives: to study underdiagnose of asthma in adolescents and young adults in 
general practice, and the influence of patient characteristics. 
Design: a comparative study: the results of screening on asthma (questionnaire, 
spirometry) have been compared with the diagnosis made in general practice. Screening 
results served as the reference standard. 
Setting: four general practices forming the Continuous Morbidity Registration Nijmegen. 
Population: 551 subjects aged 10 to 24, registered since their birth till the year of the 
study (1989) on the practice lists of these practices. 
Data collected: 
. all episodes of respiratory morbidity in their life presented in general practice; 
. socioeconomic level and family history of asthma; 
. current respiratory status, allergy to inhalant allergens and smoking behaviour (questi­
onnaire, spirometry, histamine-challenge test and Phadiatop-test). 
Results: screening identified asthma in 19% of the study subjects, of who 56% not 
had been recognised in general practice. Of the asthmatics recognised in general 
practice significantly more were boys, had recently presented acute bronchitis and had 
a family history of asthma than of those not recognised. Of the latter 3 0 % had not 
presented any respiratory disease in the last five years to their general practitioner. 
Conclusion: this study suggests underdiagnosis of asthma in adolescents and young 
adults. Asthmatics are more likely to be recognised by the general practitioner in case 
of male sex, previously diagnosed acute bronchitis and a family history of asthma. 
Reluctance of some patients to consult their doctor and low perception of symptoms 
may play a role in underdiagnosis. 
6.1 Introduction 
In most industrialized countries asthma is the most common chronic condition in 
childhood.' Its treatment has improved considerably, especially since the introduction of 
drugs that can be taken in by inhalation. Early adequate management may prevent ill 
health, anxiety and, probably, long-term irreversible lung damage. Therefore, early 
B.G.M. Kolnaar, E. Beissel, W.J.H.M. van den Bosch, H. Folgering, H.J.M, van 
den Hoogen and С van Weel 
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detection and treatment is an important task, the main responsibility for which rests with 
the general practitioner.2 
Table 6.1 Studies of prevalence of asthma in children and adolescents 
and young adults and percentages of those with asthma not 
recognised in general practice. 
first author 
Speight4 
Toop7 
size of 
study 
population 
2700 
214 
age 
(yrs) 
7 
7 
criteria on which 
asthma diagnosis 
was based 
ever wheezing 
episodes since 
school entry 
asthma in GP-record 
or post-exercise PEFR 
fall 2: 15% in case of 
keyword in record 
prevalence 
% 
11 
17 
unknown 
in GP 
% 
88 
53 
Heijne den Bak8 655 <16 
Jones5 815 9 
asthma in GP-record 13 
or positive screening 
result* in case of 
keyword in record 
history of recurrent 27 
wheezing 
41 
68 
Hill6 4750 5-11 episodes of wheezing 
in last year 
11 43 
GP = general practice ι 
* i.e. a history of recurrent wheezing or nocturnal cough, a positive reaction to 
bronchodilator treatment, exercise induced wheezing, and a family history of asthma or 
atopy 
It has been suggested that asthma in childhood is underdiagnosed: screening sur­
veys3,4,5'6 and case analyses of general practitioners' records7'8 identify many more 
children with characteristics of asthma than those actually treated by the general prac­
titioner (table 6.1). Moreover, the prevalence in epidemiologic surveys'10 of children 
under sixteen (9-25%) is much higher than in morbidity registration in general 
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practice"12,13 (1-2%). Disagreement on the definition of asthma14 and diagnostic 
denial ("the long-recognised and obdurate reluctance of family practitioners to diagnose 
asthma"15) have been put forward to explain this discrepancy. The same disagreement 
may be responsible for the differences in prevalence between various screening surveys 
themselves and for the differences in the extent of the reported underdiagnosis (table 
6.1).4-8 
It is uncertain whether patient characteristics play a role in the underdiagnosis of asthma 
in general practice. Anderson et al.3 found a substantial underuse of health services in 
wheezy children. This was not related to social, family or general practice factors. 
The aim of this study was to investigate underdiagnosis of asthma in adolescents and 
young adults in general practice, and to analyse patient characteristics in explaining 
underdiagnosis. 
6.2 Methods and materials 
This study was part of a follow-up study on the relationship between respiratory morbidi-
ty in early childhood and asthma at the age of 10 to 24.16 
Study population 
The subjects of this study were recruited from the four general practices of the Continu-
ous Morbidity Registration (CMR) of the Department of General Practice of the University 
of Nijmegen. The characteristics of this project have been described elsewhere.17·19 All 
subjects of the practice lists, who were born between 1967 (the year the CMR-project 
started) and 1979 (n = 1,441) and who were still on these practice lists at the time of this 
study in 1989, were invited to participate. The study was confined to subjects bom before 
1979 to guarantee a follow-up period from birth of at least 10 years for the above-
mentioned follow-up study. There were 926 subjects (64% of the original birth cohorts) 
who met these criteria, 484 boys and 442 girls, aged 10 to 24 at the time of this study 
(hereafter referred to as "adolescents and young adults"). Before the start of this study 
515 subjects had left the practices: 492 had moved with their families to another area, 23 
children had died, none as a consequence of respiratory disease. 
The 926 subjects (in case of those younger than 16 also their parents) were given written 
and oral explanation and they were asked to complete a respiratory questionnaire and to 
undergo spirometry and a histamine-challenge test. 
Of this group 581 subjects (63%) gave informed consent and participated in this study. Of 
551 subjects all the necessary data were available (study group). 
Data collection 
The morbidity data used in this study had been prospectively collected in the CMR. 
The following aspects of the CMR and of the Dutch health-care system are relevant for 
63 
R E S P I R A T O R Y M O R B I D I T Y I N E A R L Y C H I L D H O O D A N D A S T H M A I N A D O L E S C E N C E 
this study: 
. in the Netherlands every citizen is registered with a personal general practitioner; 
specialist care is only available through referral by this general practitioner. 
. the CMR includes a stable practice population of 12,000 subjects, whose socio-
demographic composition and morbidity spectrum are comparable with the Dutch 
population.18 
. in the CMR all episodes of diseases" presented to the general practitioner are registered 
and classified (Dutch version of the E-list20). The diagnostic definitions are compatible 
with the ICHPPC-2 defined (table 5.1).21 
. diagnoses and codes are corrected if necessary. All the diagnoses made by specialists 
are included as well. 
. in case of chronic diseases19 (in this study: asthma and hay fever) only the first 
presentation is recorded; if the disease continues to be relevant, later presentations in 
the following years are recorded with a prevalence code." 
The following information was derived from the CMR: 
. data on age, gender and socioeconomic status; 
. a family history (parents or siblings) of asthma; 
. illness behaviour:22,23 operationalized by counting the number of episodes of non-
serious diseases17 (excluding respiratory diseases) presented to the general practitioner in 
the five years preceding the start of this study; 
. recent respiratory morbidity: respiratory morbidity presented in the five years preceding 
the start of this study; 
. the general practitioner's diagnosis of asthma: when the general practitioner had 
diagnosed asthma at least once during subject's medical history. 
The following information was collected in a survey in the winter of 1989-1990: 
Questionnaire on respiratory symptoms 
The questionnaire was based on the standardized questionnaire on respiratory symptoms 
(children's version) of the British Medical Research Council (BMRC) and the American 
Thoracic Society (ATS).24 Its reproducibility and criterion-validity had been found satis-
factory.25·26 Questions on smoking behaviour were added. 
All subjects completed the questionnaire themselves. 
The questions on asthma symptoms are listed in table 6.2, together with the questions on 
smoking habits. Asthma symptoms were considered present in case of an affirmative 
answer to at least one of these respiratory questions. 
Spirometry 
Spirometry was carried out with the Microspiro HI-298 portable flow-volume meter 
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(Chest Corporation, Tokyo, Japan).27 Each patient had to perform three satisfactory 
forced vital capacity (Fvc) manoeuvers (values within 10% of each other). Data were 
taken from the highest sum of FVC and the forced expiratory volume' in one second 
(FEV,). 
Subjects who had a FEV, á FEV,-predicted minus two times the standard deviation28·29 
were considered to have airways obstruction. 
Subjects who had a baseline FEV, < 50% of their FEV,-predicted, or less than one litre, 
were excluded from the histamine-challenge test. 
Table 6.2 Questionnaire: questions on asthma symptoms and smoking 
behaviour. 
1. Chronic cough: did you usually -at least 5 days a week- cough (e.g. when getting 
up, or during the day, or at night) during a period of at least three consecutive 
months? 
2. Chronic cough with phlegm: have you coughed up phlegm, more than usually, for at 
least 3 consecutive weeks in the last 12 months? 
3. Wheezing: have you had wheezing in your chest in the last 12 months? 
4. Tightness with wheezing: have you had attacks of tightness with wheezing in your 
chest (attacks of asthma) in the last 12 months? 
5. Smoking Behaviour: do you smoke? 
Have you ever smoked, but did you stop smoking? 
Histamine-challenge protocol 
The histamine challenge test was performed using the concise version of the tidal 
breathing procedure of Cockcroft et al..30·31·32 
Bronchodilators and antihistamines, when used, were withheld at least eight and 48 hours 
respectively before the test. In case of a recent respiratory tract infection with fever, the 
test was postponed for six weeks. Results were expressed as the concentration of 
histamine producing a 20% fall in FEV, (PC20). Subjects with a pcw ¿ 8.0 mg/ml were 
considered to have bronchial hyperresponsiveness. 
Allergy to inhalant allergens was assessed by the Phadiatop-test (Kabi Pharmacia 
Diagnostics AB, Uppsala, Sweden).33 The test was considered positive when the ratio 
(patient's serum / reference serum) was higher than 1. 
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Definition of asthma 
Subjects were considered to have asthma when: 
• diagnosed during screening (SDI); i.e. in case of the presence of: 
. one or more asthma symptoms (table 6.2), 
and 
. either bronchial hyperresponsiveness 
. or airways obstruction, 
and/or 
> recognised as asthmatic by the general practitioner 
(general practitioner's diagnosis; GPD). 
All subjects who had been recognised in general practice at any time of their life were 
considered as asthmatic as well, irrespective of their screening results, because the 
management of asthma might have influenced the symptoms and/or spirometrie data of 
these subjects. 
In order to study the influence of the definition of the screening diagnosis on the extent of 
underdiagnosis in general practice, two alternative definitions were formulated: 
. SD2: one or more asthma symptoms, ignoring spirometrie data; 
. SD3; in case of: 
. wheezing 
and 
. either bronchial hyperresponsiveness 
. or airways obstruction. 
Analysis 
To assess the representativeness of the study group its sociodemographic features were 
compared with those of the subjects of the original birth cohorts who did not participate. 
For each screening diagnosis the number of patients with asthma was assessed and of 
these the number of subjects not recognised by the general practitioner. 
All subjects who were identified as asthmatic on screening (on the basis of SDl and/or 
GPD) were studied by comparing those who were recognised by their general practitioner 
with those not recognised by their general practitioner. This comparison included recent 
respiratory morbidity and several patient characteristics. 
In addition, the recent medical respiratory history of the asthmatics not recognised in 
general practice was compared with that of the healthy subjects. 
A chi square test was used to determine the significance of differences between groups. 
Permission for the study was given by the Ethics Committee of the Faculty of Medicine 
of the University of Nijmegen. 
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6.3 Results 
The data of 30 of the 581 subjects were excluded from the analysis: three subjects were 
not able to perform reproducible forced expiratory manoeuvres, seven could not finish the 
challenge test due to cough although FEV, was not significantly decreased, and 20 subjects 
did not complete the questionnaire satisfactorily. None of the subjects had an initial FEV, 
<, 50 % of FEV,-predicted, or < 1 litre. 
Of the study group significantly more subjects belonged to the lower social class and were 
female than of the non-participants. 
General practitioners had recognised asthma in 46 subjects (8.3%). Of these subjects 23 
did not meet the criteria of the screening diagnosis (SDl). 
Table 6.3 shows for each screening diagnosis separately the number of subjects identified 
as asthmatic and of these the number of subjects not recognised by the general practitio­
ner. Depending on the criteria for the screening diagnosis 16-29 per cent of the subjects 
had asthma and 49 - 72 per cent of that group had not been recognised by the general 
practitioner. 
One hundred and five subjects (19%) had asthma according to SDl and/or GPD, which 
will be used in the remaining analyses. 
Table 6.3 Prevalence estimates of asthma for three different screening diagno­
ses, with for each estimate the number of asthmatics not recogni­
sed by their general practitioner. 
those of first column 
Diagnosis based prevalence not recognised by GP 
on GPD or: abs. (%) abs. (%) 
SD2: chronic cough 160(29) 114(71) 
or wheezing 
SD1: chronic cough 105(19) 59(56) 
or wheezing and either 
BHR or АО 
SD3: wheezing and 91(16) 45(49) 
either BHR or АО 
n = 551 
GP = general practitioner; GPD = general practitioner's diagnosis; 
SD = screening diagnosis; BHR = bronchial hyperresponsiveness; 
АО = airways obstruction 
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Tables 6.4 and 6.5 show the results of the analysis of characteristics of the subjects 
identified as asthmatic by screening: those recognised by their general practitioner are 
compared with those not recognised. 
Of the 46 subjects recognised by their general practitioner significantly more had 
presented acute bronchitis, were male and had a family history of asthma than of the 57 
not recognised. No differences were seen with respect to other respiratory illnesses, 
socioeconomic level, age, smoking behaviour, general practice, allergy to inhalant 
allergens and illness behaviour. 
Of those not recognised 17 (30%) had not presented any respiratory disease in the last 
five years preceding this study. 
Table 6.6 shows that of the asthmatics not recognised in general practice significantly 
more had presented hay fever, laryngitis and recurrent episodes of common cold to their 
doctor in the last five years preceding this study than of the healthy subjects. 
Table 6.4 Asthmatics not recognised by their genera/ practitioner, compared 
with those recognised, with respect to respiratory morbidity presen­
ted to the genera/ practitioner in the last five years preceding this 
study. Numbers are column percentages 
respiratory 
disease 
hay fever 
otitis media 
tonsillitis 
sinusitis 
laryngitis 
pneumonia 
acute bronchitis 
common cold 
any respiratory 
disease 
n· 
24 
11 
11 
7 
3 
5 
13 
50 
70 
not recognised 
η = 57 
25 
14 
11 
7 
5 
4 
4 
49 
70 
recognised 
η = 46 
22 
7 
11 
7 
0 
7 
24 
48 
65 
ρ - val 
0.74 
0.34 
1.00 
1.00 
0.25 
0.65 
0.002 
0.97 
0.59 
η = 103 (missing 2) 
' those who presented at least one episode (absolute numbers) 
68 
6 A S T H M A I N A D O L E S C E N T S : S C R E E N I N G O U T C O M E V E R S U S D I A G N O S I S I N G P 
Table 6.5 Asthmatics not recognised by their general practitioner, compared 
with those recognised, with respect to patient characteristics. 
not recognised recognised 
(n = 59) In = 46) ρ - value 
% 
sex 
men 
women 
age group 
< 1 6 year 
£ 16 year 
general practice 
1 
2 
3 
4 
socio-economic 
level 
lower 
higher 
allergy' 
absent 
present 
asthma in family 
absent 
present 
smoking 
never 
ever 
illness behaviourb 
less 
more 
63 
42 
62 
43 
35 
7 
36 
27 
54 
51 
45 
49 
81 
24 
78 
27 
45 
58 
40 
81 
56 
56 
57 
14 
61 
59 
60 
19 
44 
44 
44 
86 
39 
41 
57 
55 
64 
53 
63 
33 
53 
67 
51 
59 
43 
45 
36 
47 
37 
67 
47 
33 
49 
41 
< 0.001 
0.95 
0.14 
0.80 
0.30 
0.01 
0.20 
0.45 
η = 105 
• missing 11 ь missing 2 e absolute numbers 
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Table 6.6 Asthmatics not recognised by their general practitioner, compared 
with healthy subjects, with respect to respiratory morbidity presen­
ted to the general practitioner in the last five years preceding this 
study. Numbers are column percentages. 
respiratory 
disease 
hay fever 
otitis media 
tonsillitis 
sinusitis 
laryngitis 
pneumonia 
acute bronchitis 
common cold 
г 2 episodes 
any respiratory 
disease 
n' 
50 
54 
53 
34 
5 
9 
25 
95 
274 
not recognised 
as asthmatic 
η = 57 
25 
14 
11 
7 
5 
4 
4 
30 
70 
healthy 
subjects 
η = 439 
8 
10 
11 
7 
1 
2 
5 
18 
53 
ρ - value 
<0.001 
0.42 
0.97 
0.96 
<0.001 
0.31 
0.57 
0.03 
0.02 
η = 496 (missing 9) 
' those who presented at least one episode (absolute numbers), unless otherwise 
indicated 
6.3 Discussion 
This study showed underdiagnosis of asthma in adolescents and young adults. The extent 
of the underdiagnosis was largely dependent on the screening criteria for asthma. Among 
those identified by screening, asthma was more likely to be recognised by the general 
practitioner in male subjects, in those with a family history of asthma and in those who 
had presented acute bronchitis in the preceding years. Other recent respiratory illnesses, 
socioeconomic level, age, smoking behaviour, general practice, allergy to inhalant 
allergens and illness behaviour did not play a role in this respect. Nearly a third of those 
not recognised in general practice had not consulted their doctor for respiratory disease in 
the last five years. 
Previous studies reported underdiagnosis of asthma in children.3" In these studies the 
extent of the underdiagnosis varied considerably. As confirmed in the present study, this 
will partly be due to the differences in criteria for the screening diagnosis used in these 
studies. The same discrepancy of screening criteria will partly be responsible for the 
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differences between the prevalence estimates of epidemiological studies,14 just as a change 
of the diagnostic criteria in the present study had a profound effect on the calculated 
sample prevalence. 
The results suggest that if a patient had presented episodes of acute bronchitis, his doctor 
was more inclined to interpret these (recurrent) symptoms of the lower respiratory tract as 
asthma. This may reflect the diagnostic procedure of pattern recognition in general 
practice. 
Epidemiological knowledge of risk groups is likely to play a role as well: more boys and 
more subjects with asthmatic parents or siblings were recognised by the general practitio-
ner as asthmatic. Age, type of practice, socioeconomic level, smoking habits, allergy to 
inhalant allergens and illness behaviour did not influence underdiagnosis. 
Of those not recognised in general practice 30% had not presented any episode of respira-
tory illness to their general practitioner in the five years preceding this study. This points 
to a reluctance of some patients to consult their doctor. Low perception of symp-
toms34,35 may also explain this finding. This is a relevant area of patient education. 
This study was based on birth cohorts from general practice. It was a selected group, as 
subjects had left the practice before the study. Moreover, more than one third of those 
invited refused to participate. Of the participants significantly more belonged to the lower 
social class than of the non-participants. Lower social class is usually related to. higher 
levels of morbidity, including respiratory morbidity.36 As a consequence of this, the 
prevalence of asthma and asthma symptoms may have been overestimated in this study, 
but otherwise the results will not be essentially affected. 
Of the 46 subjects recognised and under care in general practice 23 did not meet the 
criteria used in the screening diagnosis. Nevertheless, these cases were included in the 
final assessment of the prevalence of asthma. Symptoms, BHR and/or airways obstruction 
may have been absent at the time of screening because of treatment. Alternatively, the 
disease may have been in a natural remission. This cannot be established in this study. 
When the general practitioner's diagnosis was omitted from the criteria for the diagnosis 
of asthma, the results did not change essentially (data not shown here). 
One factor complicating the assessment of asthma in epidemiological surveys is the 
reliance on one assessment of symptoms, BHR and FEV, in time. In asthma these characte-
ristics change with season, exposure, infections, etc.. Therefore, in general it is to be 
recommended to base a diagnosis on a series of observations. However, this is hardly 
feasible in screening. In contrast, the general practitioner has the opportunity to base the 
diagnosis of asthma on consecutive observations of symptoms and lung function tests. 
This is an essential difference between screening and diagnosis in routine general practice 
care. Future epidemiological studies need to determine the value of consecutive standardi-
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zed measurements in general practice versus the "once only" approach in assessing the 
asthma diagnosis. 
The results of the comparison of respiratory morbidity presented in the five years 
preceding the study between asthmatics not recognised in general practice and healthy 
subjects, suggest that misinterpretation of symptoms plays a role in underdiagnosis: 
symptoms of asthma may have been attributed to upper respiratory tract infections. A 
better appreciation of apparent upper respiratory tract symptoms may be a key in 
improving the identification of asthma. 
The definitions of asthma formulated in recent international consensus reports37·38 
emphasized symptoms, variable airways obstruction and increased bronchial 
responsiveness as key features of asthma. However, a lot of disagreement still exists 
about how to define asthma with concepts that can be translated into criteria and 
procedures for use in epidemiological studies. In order to operationalize the consensus 
definitions, the screening diagnosis of asthma in this study has been based on BHR and/or 
airways obstruction in the presence of asthma symptoms. Recently, symptomatic BHR has 
been shown the most useful definition to date for measuring the prevalence of clinically 
important asthma in populations.39'40 Nevertheless, the definition of asthma in the 
present study and its operationalization are not beyond discussion. Our finding that of the 
asthmatics not recognised in general practice 30% had not presented any episode of 
respiratory illness to their general practitioner in the five years preceding this study may 
point to a lack of specificity of the screening diagnosis. On the other hand, half of those 
recognised and under care in general practice did not meet the criteria used in the 
screening diagnosis, which may raise doubts about its sensitivity. The validity of this 
screening diagnoses and that of other ones are relevant subjects for future studies. 
In summary, this study demonstrated underdiagnosis of asthma in adolescents and young 
adults in general practice, even when comparing general practice results with a more 
restrictive screening diagnosis. Previously presented episodes of acute bronchitis, 
indications of a hereditary predisposition to asthma and male sex turned out to be factors 
which made it more likely that an asthmatic was recognised. Reluctance of some patients 
to consult their doctor and low perception of symptoms may play a role in underdiagno-
sis. 
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SYMPTOMATIC AND ASYMPTOMATIC BRONCHIAL HYPERRESPONSIVENESS IN 
ADOLESCENTS AND YOUNG ADULTS' 
Abstract 
Background: it is suggested that early childhood lower respiratory infections (LRI) 
play a role in the pathogenesis of asthma. In a theoretical model to explain this role, 
acquired bronchial hyperresponsiveness (BHR), sometimes initially asymptomatic but 
later symptomatic (asthma), features as a linking element. The aim of this study 
was to test the hypothesis that asymptomatic BHR in adolescence and young 
adulthood is related to early childhood LRI, and to study the clinical significance of 
asymptomatic BHR. 
Methods: in a population sample of 551 subjects aged 10 to 24 the relation 
between respiratory morbidity in early childhood and BHR in adolescence and young 
adulthood was studied, both for its symptomatic and asymptomatic form, and both 
forms of BHR were compared with ПОП-BHR with respect to several patient and 
clinical characteristics related to asthma. Morbidity had been recorded prospectively 
since birth in a registration project in general practice. During the study, data on 
chronic respiratory symptoms, smoking behaviour, airways obstruction, BHR and 
allergy were collected by means of a standardized questionnaire, spirometry, a 
histamine-challenge test and a blood test on antigens to inhalant allergens. 
Results: seventy per cent of the hyperresponsive subjects were asymptomatic. 
Acute bronchitis in early childhood was related to BHR in adolescence and young 
adulthood, but only to its symptomatic form. BHR was related to allergy, airways 
obstruction and recent asthma, acute bronchitis and hay fever. However, again only 
its symptomatic form showed these characteristics, whereas asymptomatic BHR did 
not significantly differ from поп-внв. 
Conclusion: asymptomatic BHR in adolescence and young adulthood is not related to 
lower respiratory infections in early childhood and does not show the asthma-
related characteristics which symptomatic BHR shows. It may not be the link 
between early childhood lower respiratory morbidity and asthma in later life nor a 
risk factor of later asthma. 
7.1 Introduction 
Asthma is the most common chronic condition in childhood.1 Its etiology is only partly 
understood. Inherited factors play an important role and asthma is diagnosed more often 
in some families.2 External factors such as lower respiratory infections (LRI) in early 
B.G.M. Kolnaar, H. Folgering, H.J.M, van den Hoogen and С van Weel 
Submitted for publication 
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childhood have been shown to play a role in the development of asthma as well.3,4 An 
in-depth review of epidemiological studies on the role of early childhood LRI in the 
pathogenesis of asthma has made clear that the evidence is not conclusive.5 In a previous 
study we demonstrated a relation between acute bronchitis in early childhood and asthma 
at the age of 10 to 24 (hereafter referred to as "adolescence and young adulthood").6 
There is support for a theoretical model to explain the role of early childhood LRI, and 
acquired bronchial hyperresponsiveness (BHR) features as a key element in this mo-
del:7·8·'·10 LRI in early childhood may cause BHR, which sometimes continues to exist 
without symptoms initially, but may become symptomatic in later life, possibly induced 
by environmental factors. If this is true, early childhood LRI should be related to 
subsequent BHR. And if BHR is the essential link in the development from early childhood 
LRI to asthma, this relation should exist not only for symptomatic BHR (asthma), but also 
for asymptomatic BHR (developing asthma). 
Bronchial hyperresponsiveness is defined as an exaggerated bronchoconstrictor response 
to various non-specific stimuli.11 It is considered a characteristic feature of patients with 
asthma.12·13 However, it is not specific to asthma because it has been shown to occur in 
chronic airways limitation,14 rhinitis,15 and after upper or lower respiratory tract infec­
tions.7·16·17 Also a considerable number of asymptomatic individuals display BHR, some­
times even in the most severe range.18·"·20,21 The clinical significance of asymptoma­
tic BHR is still unclear. It may be a risk factor of later asthma. Evidence for this hypothe­
sis has recently been provided in a study that showed that enhanced bronchial responsive­
ness usually precedes the development of asthma.' A prospective epidemiological study 
demonstrated that BHR was associated with a more pronounced decline in lung functi­
on.
22
 Another suggestion to explain asymptomatic BHR is that asymptomatic hyperres-
ponsive subjects are asymptomatic because they do not recognize the symptoms related to 
airways obstruction and BHR. In a middle-aged random population sample symptomatic 
hyperresponsive subjects were more likely to report breathlessness during histamine 
provocation than the symptom free hyperresponsive subjects.25 A further exploration of 
asymptomatic BHR by comparing it with symptomatic BHR and ПОП-BHR with respect to 
asthma-related characteristics would be helpful to better understand its clinical 
significance. 
This study investigated the phenomenon of asymptomatic hyperresponsiveness in 
adolescents and young adults. First, it tested the hypothesis that asymptomatic BHR in 
adolescence and young adulthood is related to early childhood LRI. For that purpose, the 
relationship between respiratory morbidity in early childhood and BHR in adolescence and 
young adulthood, both for its symptomatic and for its asymptomatic form, was analysed 
by means of a historical cohort analysis. Further, the clinical significance of asymptoma­
tic BHR was studied by comparing both symptomatic BHR and asymptomatic BHR with 
ПОП-BHR (a cross-sectional analysis). The following patient and clinical characteristics of 
asthma were involved in this comparison: recent respiratory morbidity, sociodemographic 
features, smoking behaviour, family history of asthma, allergy and airways obstruction. 
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7.2 Methods and materials 
Study population 
The subjects of this study were recruited from the practice population of the Continuous 
Morbidity Registration (CMR) of the Department of General Practice of the University of 
Nijmegen. The characteristics of this registration project have been described elsewhe­
re.
24,25
 Α1Γ the subjects of the practice lists of the four CMR-practices, who were bom 
between 1967 (the year the CMR-project started) and 1979 (n = 1,441) and who were still 
on the practice lists at the time of this study in 1989, were invited to participate (see 
figure 7.1). The study was confined to subjects born before 1979 to guarantee a follow-up 
period from birth of at least 10 years. There were 926 subjects (64% of the original birth 
cohorts) who met these criteria, 484 boys and 442 girls, aged 10 to 24 at the time of this 
study. Before the start of this study 515 subjects had left the practices; 492 had moved 
with their families to another area; 23 children had died, none of them as a consequence 
of respiratory disease. The 926 subjects (in case of those younger than 16 also their 
parents) were given written and oral explanation and they were asked to complete a 
respiratory questionnaire and to undergo spirometry and a histamine-challenge test. 
Of this group 581 subjects (63%) participated in this study. Of 551 subjects all the 
necessary data were available (study group). So of the 926 subjects invited 375 did not 
belong to the study group. 
Data collection 
The morbidity data used for this study had been prospectively collected in the CMR. 
The following aspects of this database and of the Dutch health care system are of special 
importance for this study: 
. in the Netherlands every citizen is registered with a personal general practitioner; 
specialist care is only available through referral by this general practitioner. 
. in the CMR all episodes of diseases26 presented to the general practitioner are registe­
red, classified and entered. For classification the adapted Dutch version of the E-list27 
is used, whose definitions are compatible with those of the існррс-2 defined (table 5.1, 
pag.-48).28 Follow-up contacts for episodes already correctly diagnosed and coded are 
not recorded. 
. diagnoses and codes are corrected if necessary. All the diagnoses made or corrected by 
specialists are included as well. 
. in case of chronic diseases26 (in this study: asthma and hay fever) only the first 
presentation is recorded; if the disease continues to be relevant, later presentations in 
the following years are recorded with a prevalence code.25 
All respiratory diagnoses recorded in early childhood (the first five years of life of the 
subjects) and the recent respiratory morbidity (the five years preceding the start of this 
study) were included in this study. Table 5.1 lists these diagnoses in relation to the 
categories of існррс-2-defined.28 
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The following information was derived from the CMR as well: 
. data on age, sex and socioeconomic status; 
. a family history (parents or siblings) of asthma. 
Data on chronic respiratory symptoms, smoking behaviour, airways obstruction, BHR and 
allergy were collected in the winter of 1989-1990 by means of a standardized questionnai­
re, spirometry, a histamine-challenge test and a blood test on antigens to inhalant 
allergens respectively. 
The questionnaire was based on the standardized questionnaire on respiratory symptoms 
(children's version) of the British Medical Research Council (BMRC) and the American 
Thoracic Society (ATS). 2 9 Its reproducibility and criterion-validity had been found satis­
factory.30·31 
All subjects completed the questionnaire themselves. 
The questions on chronic respiratory symptoms are listed in table 7.1, together with the 
questions on smoking habits. Chronic respiratory symptoms were considered present in 
case of an affirmative answer to at least one of the questions on symptoms (symptomatic 
subject). 
Table 7.1 Questionnaire: questions on asthma symptoms and smoking 
behaviour 
1. Chronic cough: did you usually -at least 5 days a week- cough (e.g. when getting 
up, or during the day, or at night) during a period of at least three consecutive 
months? 
2. Chronic cough with phlegm: have you coughed up phlegm, more than usually, for 
at least 3 consecutive weeks in the last 12 months? 
3. Wheezing: have you had wheezing in your chest in the last 12 months? 
4. Tightness with wheezing: have you had attacks of tightness with wheezing in your 
chest (attacks of asthma) in the last 12 months? 
5. Smoking Behaviour: do you smoke? 
Have you ever smoked, but did you stop smoking? 
Spirometry was carried out with a Microspiro Ш-298, a portable flow-volume meter 
(Chest Corporation, Tokyo, Japan).32 Each patient had to perform three satisfactory 
forced vital capacity (Fvc) manoeuvers (values within 10% of each other). Data were 
taken from the highest sum of FVC and the forced expiratory volume in one second 
(FEV,). Subjects who had a FEV, <, FEV,predicted - two times the standard deviati­
on
33
·*
1
 were considered to have airways obstruction. Subjects who had a baseline FEV, 
< 50% of their FEV,-predicted, or less than one litre, were excluded from the histamine-
challenge test. 
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The histamine-challenge test was performed using the concise version of the tidal 
breathing procedure of Cockcroft et al..15,353* 
Bronchodilators and antihistamines, when used, were withheld at least eight and 48 hours 
respectively before the test. When a subject had had a respiratory tract infection with 
fever a short time before, the test was postponed for six weeks. Results were expressed as 
the concentration of histamine required to produce a 20% fall in rev, (Pc^). Subjects 
with a PCM < 8.0 mg/ml were considered to have bronchial hyperresponsiveness. All 
other subjects (with a normal response to histamine) are further referred to as "reference 
group". 
Allergy to inhalant allergens was assessed by the Phadiatop-test (Kabi Pharmacia 
Diagnostics AB, Uppsala, Sweden)37. The test was considered positive when the ratio 
(patient's serum / reference serum) was higher than 1. 
Analysis 
It was analysed whether the participants in this study formed a representative sample of 
the original birth cohorts. For that purpose they were compared with those of the original 
birth cohorts who did not belong to the study group. The comparison was made with 
regard to sociodemographic features and respiratory morbidity recorded in the first five 
years of life. For that reason the children who had left the practices before the age of five 
(of whom not all the necessary data were available therefore) were ignored in this respect. 
According to the reported chronic respiratory symptoms, BHR was subdivided in sympto­
matic and asymptomatic BHR. 
Each respiratory disease in early childhood was separately related to BHR in adolescence 
and young adulthood, both for its symptomatic and for its asymptomatic form, all handled 
as a dichotomous variables (historical cohort analysis). 
The asymptomatic and symptomatic hyperresponsive subjects were separately compared 
with the reference group with respect to sociodemographic features, recent respiratory 
morbidity, family history (parents or siblings) of asthma, smoking behaviour (ever or 
never), allergy to inhalant allergens and airways obstruction, all handled as dichotomous 
variables (cross-sectional analysis). 
Differentiation between BHR and ПОП-BHR is arbitrary.3'3' It has been suggested that in 
population samples PC20 at 'lower histamine concentrations is preferable as a cutoff point 
between BHR and ПОП-BHR, because BHR defined as such discriminates better between 
asthma and non-asthma.40 Therefore, both the historical cohort and the cross-sectional 
analysis were repeated using more specific criteria for BHR, viz. BHR in case of PC^ ¿ 
4.0 and in case of á 2.0 mgr/ml. 
A chi square test was used to determine the significance of the associations and the 
differences. All analyses were performed using the SAS statistical package (SAS Institute 
Inc., Сагу, NC, USA). 
The study was approved by the Ethics Committee of the Faculty of Medicine of the 
University of Nijmegen. 
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7.3 Results 
The data of 30 of the 581 subjects who participated in this study were excluded from 
analyses (non-performers): three subjects were not able to perform reproducible forced 
expiratory manoeuvres, seven could not finish the challenge test due to cough although 
FEV, was not significantly decreased, and 20 subjects did not complete the questionnaire 
satisfactorily. None of the subjects had an initial FEV, < 50 % of FEV,-predicted, or á 1 
litre, so all SS 1 participants underwent the histamine challenge test. 
The comparison between the study group on the one hand and those of the original birth 
cohorts who did not belong to the study group on the other, showed that of the study 
group (statistically) significantly fewer subjects belonged to the upper social class, were 
men and presented episodes of early childhood respiratory disease (table 7.2). No 
difference was seen with respect to age. 
Bronchial hyperresponsiveness could be demonstrated in 232 subjects (42%). One or 
more chronic respiratory symptoms were present in 143 subjects (26% of the study 
group). Of those with BHR 70% did not report chronic respiratory symptoms (see fig 7.1). 
Early childhood respiratory morbidity and BHR in adolescence and young adulthood 
Only acute bronchitis in early childhood was related to BHR in adolescence and young 
adulthood (table 7.3): of those who presented one or more episodes of acute bronchitis in 
the first five years of life more showed BHR in adolescence and young adulthood than of 
those without early childhood acute bronchitis (RR = 1.3, ρ = 0.02). However, this 
relation existed only for symptomatic BHR. 
Characteristics of asymptomatic BHR 
Tables 7.4 and 7.5 are presented to allow a comparison between symptomatic and 
asymptomatic BHR on the one hand and the reference group on the other with respect to 
various patient and clinical characteristics. 
Table 7.4 contains the odds ratios and the confidence intervals for the differences between 
all hyperresponsive subjects, the symptomatic hyperresponsive subjects and the asympto­
matic hyperresponsive subjects on the one hand and the reference group on the other, 
here with respect to family history of asthma, smoking behaviour, allergy to inhalant 
allergens and airways obstruction. 
Tables 7.5 compares the same groups, now with respect to recent respiratory morbidity. 
Significant differences between the hyperresponsive subjects and the reference group were 
found for allergy, airways obstruction and several respiratory illnesses recently treated by 
the general practitioner, viz. asthma, acute bronchitis and hay fever. However, these 
differences were shown only between symptomatic hyperresponsive subjects and the 
reference group. No differences were found for sex, age and social class. When the PCM-
values 4.0 and 2.0 were chosen as cutoff points, (BHR in case of Pc2 0 < 4.0 or < 2.0 
mgr/ml), the overall prevalence of BHR was 24% and 14% respectively. In both the 
historical cohort and the cross-sectional analysis the results found when these more 
specific criteria for BHR were used did not differ essentially from those outlined above. 
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Table 7.2 Comparison between study group (n = 551) on the one hand and 
those lost to follow-up (n = 214)* and the non-respondents 
(n = 375) on the other 
Sociodemographic features 
Age 
Sex 
Social class 
< 16 χ yrs 
s 16 χ yrs 
male 
female 
upper 
middle 
lower 
Early childhood morbidity (0-4yrs) 
Number of episo­
des of respiratory 
diseases 
Asthma 0 
> 1 
Acute bronchitis 0 
Pneumonia 
Hay fever 
Otitis media 
Tonsillitis 
Laryngitis 
Common cold 
1 
> 2 
0 
> 1 
0 
2:1 
0 
1 
> 2 
0 
1 
2:2 
0 
2:1 
0-1 
2-3 
4-5 
> 6 
Study Group 
fn = 55U 
% 
56 
4 4 
5 0 
5 0 
6 
4 5 
49 
% 
9 6 
4 
6 4 
2 0 
16 
91 
9 
9 7 
3 
4 2 
25 
3 3 
4 6 
26 
28 
91 
9 
2 3 
25 
21 
31 
Practice 
поп 
(n = 
leavers and 
-respondents 
589) I 
% 
53 
4 7 
57 
4 3 
10 
38 
52 
% 
9 7 
3 
7 0 
19 
11 
93 
7 
99 
V 
4 8 
26 
26 
55 
21 
2 4 
9 4 
6 
29 
28 
18 
25 
p-value 
0.49 
0.03 
0.005 
p-value 
0.30 
0.03 
0.27 
0.02 
0.04 
0.007 
0.06 
0.05 
The children of the original birth cohorts who left the practices before the age of five 
(n = 301) were excluded from this comparison since not all their morbidity data of the 
first five years of life were available. 
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Table 7.3 Respiratory disease in the first 
the age of 10 to 24, both 
asymptomatic form 
All hyperresponsive 
(n = 232;42%) vs 
non-hyperresponsive 
Respiratory subjects 
diseases at (n = 319; 58%) 
age 0-4 nc RR 95 CI 
five years of life in relation to BHR" at 
for its symptomatic1' and for its 
Symptomatic 
hyperresponsive 
(n=70; 13%) vs 
non-hyperrespon-
sive subjects 
RR 95% CI 
Asymptomatic 
hyperresponsive 
f= 162); 29%) vs 
non-hyperresponsi-
ve subjects 
RR 95% CI 
asthma 
acute bronchitis 
pneumonia 
hay fever 
common cold 
(ä; 4 episodes) 
laryngitis 
tonsillitis 
otitis media 
22 
200 
46 
15 
286 
48 
301 
319 
1.0 
1.3* 
1.0 
0.6 
1.0 
1.3 
1.0 
0.9 
0 .6 -
1.0-
0 .7 -
0 .3 -
0 .8 -
1.0-
0 .9 -
0 .8 -
1.6 
1.5 
1.4 
1.5 
1.2 
1.8 
1.3 
1.1 
1.6 
2 .0 · · 
1.3 
0.9 
1.0 
1.7 
0.8 
1.2 
0 .7 -
1.3-
0 .7 -
0 .2 -
0 .6-
0.9 · 
0 .5-
0.8 
3.4 
3.0 
2.5 
3.1 
1.5 
• 3.1 
• 1.2 
- 1.9 
0.7 
1.1 
0.8 
0.5 
0.9 
1.3 
1.2 
0.9 
0 . 3 -
0.9 • 
0 .5 -
0.1 -
0 . 7 -
0 .9 -
0.9 -
0 .7 -
1.6 
1.5 
1.4 
1.6 
1.1 
1.9 
• 1.5 
• 1.1 
Table 7.4 
Patient and 
clinical 
characteristics 
Ail subjects with BHR", and of these the symptomatic1' and 
asymptomatic responsive subjects compared with ail non-
hyperresponsive subjects with respect to patient and clinical 
characteristics 
Symptomatic 
hyperresponsive 
(n=70; 13%) vs 
non-hyperres-
ponsive subjects 
OR 95% CI 
All hyperrespon-
sive (n = 232; 42%) 
vs non-hyperres-
ponsive subjects 
(n = 319; 58%) 
η (%) OR 95% CI 
Asymptomatic 
hyperresponsive 
(n=162; 29%) vs 
non-hyperres­
ponsive subjects 
OR 95% CI 
family history 
of asthma 1 0 9 ( 2 0 ) 
smoking 1 3 0 (24) 
allergy«) 1 6 3 ( 3 3 ) 
airways 
obstruction 9 3 ( 1 7 ) 
1.1 
0.7 
1.8·· 
2 . 1 · · 
0 . 7 -
0 . 5 -
1.2-
1.3-
• 1.7 
• 1.0 
•2.6 
•3.2 
1.0 
1.0 
3 . 4 · · · 
3 . 6 * · · 
0.5 
0.6 
2 . 0 -
2 . 0 -
- 1.9 
• 1.9 
6.0 
6.6 
1.2 
0 . 6 ' 
1.3 
1.5 
0 . 7 · 
0.3 
0.8 • 
0.9 
• 1.9 
•0.9 
2.0 
• 2.6 
η = 551; · ρ < 0.05; ** ρ < 0.01 · · · ρ < 0.001; 
RR = relative risk ratio; CI = confidence interval 
a in case of PC20 < 8.0 mgr/ml 
b in case of an affirmative answer to at least one of the questions on chronic 
respiratory symptoms 
с those who presented at least one episode, unless otherwise indicated 
» missing 59 subjects 
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Table 7.5 All subjects with BHR', and of these the symptomatic1' and asympto­
matic responsive subjects compared with all non-hyperresponsive 
subjects with respect to respiratory disease in the five years 
preceding the study 
Patient and 
clinical 
characteristics 
asthma ° 
ac. bronchitis 
pneumonia 
hay fever 
common cold 
laryngitis 
tonsillitis 
otitis media 
n' (%) 
21 (4) 
36 (7) 
22 (2) 
60 (11) 
219 (14) 
5 (1) 
58 (11) 
57 (11) 
All hyperrespon-
sive tn = • 232; 42%) 
vs non-hyperres­
ponsive subjects 
(n = 
OR 
2.9" 
1.6 
1.0 
1.5 
1.2 
2.1 
0.7 
0.9 
-319; 58%) 
95% CI 
1.1 - 7.2 
0 . 8 - 3 . 1 
0 . 3 - 3 . 1 
0.9 - 2.6 
0 . 9 - 1.8 
0 . 3 - 1 2 . 6 
0 . 4 - 1.2 
0 . 5 - 1.5 
Symptomatic 
hyperresponsive 
(n = 70; 13%) vs 
non-hyperres-
ponsive subjects 
OR 
8 . 3 " 
3 . 0 " 
1.3 
3 . 8 " 
1.6 
7.2* 
1.0 
1.1 
95% CI 
3.1 - 2 2 . 3 
1.3- 6.9 
0 . 3 - 6.5 
2 . 0 - 7.3 
1.0- 2.7 
1 . 2 - 4 4 . 0 
0 . 4 - 2.2 
0 . 5 - 2.4 
Asymptomatic 
hyperresponsive 
ln=; 
vs non 
162; 29%) 
i-hyperres-
ponsive subjects 
OR 
0.8 
1.0 
0.8 
0.8 
1.1 
-» 
0.6 
0.8 
95% CI 
0 . 2 - 3 . 3 
0.5 - 2.4 
0 . 2 - 3 . 3 
0 . 4 - 1.6 
0 . 8 - 1.6 
-
0 . 3 - 1.2 
0 . 4 - 1.5 
η = 551; OR = odds ratio; CI = confidence interval; 
* p<0.05; · · p < 0 . 0 1 ; · · · p<0.001 
a in case of PC30 s 8.0 mgr/ml 
b in case of an affirmative answer to at least one of the questions on chronic 
respiratory symptoms 
с those who presented at least one episode 
» none of those with asymptomatic BHR presented laryngitis in 1985 - 1989 
7.4 Discussion 
This study demonstrated a relationship between LRI in early childhood and BHR in adoles­
cence and young adulthood. This relationship existed only for the symptomatic and not 
for the asymptomatic form of BHR. This is not consistent with the hypothesis that 
asymptomatic BHR constitutes a link between early childhood LRI and asthma in later life. 
Furthermore, it was shown that the differences between hyperresponsive subjects and non-
hyperresponsive subjects with respect to several patient and clinical characteristics related 
to asthma existed only between those with symptomatic BHR and non-hyperresponsive 
subjects, whereas no significant differences were found between those with asymptomatic 
BHR and non-hyperresponsive subjects. This finding raises doubts that asymptomatic BHR 
is a risk factor of later asthma. 
The finding of a relation between acute bronchitis in early childhood and BHR at the age 
of 10 to 24 is consistent with those of other population studies showing a relation between 
84 
7 SYMPTOMATIC AND ASYMPTOMATIC BRONCHIAL HYPERRESPONSIVENESS IN ADOLESCENTS 
early childhood lower respiratory illness and BUR in later life.41,42 However, in those 
studies information on early childhood respiratory morbidity was based on parental recall, 
which has not been corroborated by reviewing physician records. Especially in the study 
of Peat et al.42 preferential recall of early illness by parents of children with BHR may 
have influenced the results. This cannot have played a role in the present study, as early 
childhood morbidity had been recorded prospectively. Our finding differs from those of 
McConnochie et al.43 and Voter et al.44 who did not show the above-mentioned relati-
on. The relatively small size of the populations in both studies may have hampered that. 
It still has to be established whether this relation results from early childhood LRi, 
predisposing children to later BHR by triggering causal mechanisms, or whether the 
childhood LRI are an early expression of BHR. 
The hypothesis that asymptomatic BHR constitutes a link between early childhood LRI and 
asthma in later life has been supported by the results of a two-year follow-up study of a 
population of asymptomatic hyperresponsive adolescents and young adults.10 In these 
subjects a significant relation was found between early respiratory illness and developing 
asthma. The more restrictive definition of BHR used in that study may explain the 
discrepancy between the results of that study and those of the present study. However, 
repetition of the historical cohort analysis in the present study, applying more restrictive 
definitions of BHR, showed results which did not essentially differ from those when using 
the PC20-value 8.0 mgr/ml as cutoff point for BHR. 
The considerable differences in terms of asthma related characteristics between the 
asymptomatic and the symptomatic form of BHR, and the likeness of asymptomatic BHR to 
non-BHR found in the present study suggest that «symptomatic BHR is something complete-
ly different than asthma. This does not support the hypothesis that asymptomatic BHR 
precedes the development of asthma.910,22 Also in this cross-sectional analysis, the less 
restrictive definition of BHR may have contributed to these results. But, again, the use of 
more restrictive definitions for BHR did not change the results essentially. 
The cross-sectional design of the present analysis does not allow a firm conclusive answer 
to the question whether asymptomatic BHR is a risk factor of asthma in the future. Further 
research, especially longitudinal studies following the course of asymptomatic BHR, may 
shed more light on this issue. 
The suggestion that asymptomatic hyperresponsive subjects are asymptomatic because 
they do not recognize the symptoms related to airways obstruction and BHR,23 is not 
supported by the findings of this study. Symptomatic and asymptomatic hyperresponsive 
subjects differed on a number of characteristics, including characteristics not dependent 
on perception. Therefore, perception does not seem to be an overriding factor in 
explaining the difference between both forms of BHR. 
A factor complicating the assessment of BHR in this study and in other epidemiological 
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surveys is the reliance on one assessment of BHR at one moment in time. The reproduci-
bility of the histamine challenge test is good.36 However, bronchial responsiveness can 
vary considerably with time45,4*·47 as a result of, among other things, modulation by 
exposure to inhalant allergens48 and viral respiratory tract infection.7·16·17 In general, the 
group.with asymptomatic BHR had lower levels of BHR than the group with symptomatic 
BHR. Those with more severe BHR are likely to continue to have later BHR, whereas mild 
BHR may disappear.46 In other words, the group with symptom-free BHR may, at least in 
part, represent a group with less relevant BHR. However, again this is a factor which does 
not seem to have played an important role in this study, as the application of more 
restrictive definitions of BHR did not change the results essentially, as has been mentioned 
before. 
BHR may have a genetic basis.9 In several studies a relation was demonstrated between 
BHR and parental asthma.42·49,50 The current study considered not only parental asthma 
but asthma in parents and/or siblings; no relation was found between these factors and 
(asymptomatic or symptomatic) BHR. 
The subjects of this study represented birth cohorts from general practice. The compari-
son with those lost for follow-up and the non-respondents showed several statistically 
significant differences, but they did not appear to be relevant: the study group formed a 
group presenting only slightly higher levels of respiratory morbidity in general practice. 
Therefore, it is unlikely that selection bias has been an important cause of the high 
prevalence of BHR found in this study (nor has influenced the other results). It was 
probably not the result of recent respiratory infections either, since in that case the 
histamine challenge test was postponed for six weeks. Most tests were performed in 
December and January, thus avoiding the influence of the grass pollen season.51 Method 
failure seems to be an unlikely explanation as a standardized method was used36 with 
regular calibration of the meters. Poor motivation in performing spirometry may have 
influenced the results, though the data of inadequately performed forced expiratory 
manoeuvres were excluded from the analysis. 
In summary, this study raises doubts that asymptomatic BHR constitutes a link between 
early childhood lower respiratory disease and asthma in later life, and that asymptomatic 
BHR is a risk for subsequent asthma. Prospective studies following up a population of 
children categorized on the basis of BHR and asthma symptoms, with regular measure-
ments of symptoms, lung function and BHR, are recommended to get insight in the 
significance of symptom free BHR. 
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GENERAL DISCUSSION AND CONCLUSIONS 
The main objective of this study was to test the hypothesis that respiratory tract illnesses 
in early childhood are related to asthma in later life. The results of the historical cohort 
analysis, described in chapter 5, confirm this hypothesis for acute bronchitis: acute 
bronchitis in the first five years of life was related to asthma at the age of 10 to 24. Other 
studies showed that there was also a relation between early childhood pneumonia and later 
asthma,1·2·3 but this was not found in the present study. The relatively small size of the 
group of children with early pneumonia may have hampered that. 
Possible mechanisms explaining the observed relation are: 
1. both acute bronchitis and asthma are the results of common constitutional and 
environmental factors; 
2. episodes recorded as acute bronchitis were actually episodes of asthma; 
3. asthma increases the susceptibility to acute bronchitis; 
4. acute bronchitis is a risk factor for asthma. 
This study does not exclude any of these explanations. 
On the basis of recent studies there is increasing evidence for the first option, for these 
studies showed a relation between lung function in the first weeks of life and lower 
respiratory tract illnesses with wheezing in early childhood, independently of feeding 
practices and maternal smoking habits.4 Moreover, a relation has been found between 
lower birth weight and infant respiratory infection and adult lung function.5 These 
findings suggest that initial airway size predisposes to lower respiratory tract ilnesses in 
later life. 
The second option refers to misdiagnosis. There is lack of agreement on the definitions of 
both acute bronchitis and asthma. Symptoms such as cough, dyspnoea and wheezing and 
auscultatory findings do not sufficiently help the practitioner, especially in childhood, to 
discriminate between episodes of these illnesses. The strong relations between these two 
conditions found in studies of adults6,7 and in our study of respiratory morbidity in early 
childhood (chapter 2) may reflect this confusion. A controlled longitudinal study, 
following from early childhood to adulthood both subjects with and without episodes with 
symptoms of lower respiratory tract disease in early childhood, may help to answer the 
question which cluster of symptoms is related to asthma in later life. Until then the 
general practitioner has to deal with uncertainty about the diagnosis. 
The third option refers to the theory that an asthmatic trait forms the link between chest 
illness in childhood and respiratory symptoms in adulthood: the persistence of lower 
respiratory tract illness from childhood to adolescence and young adulthood may be due 
to disturbances of airway function associated with asthma.8·9·10 
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A causal relation (the fourth option) can be explained by a state of structural damage and 
chronic hyperreactive airways resulting from lower respiratory infections in infancy and 
leading to asthma and/or chronic obstructive disease in later life. This study does not 
allow conclusions about the causality of the relationship. However, the results of chapter 
7 do not support the role of asymptomatic BHR as a link between early childhood 
respiratory illnesses and adult asthma. 
In conclusion, early childhood acute bronchitis was found to be related to asthma in 
adolescence and young adulthood. From the results of chapter 6 it may be concluded that 
when the general practitioner has assessed one or more episodes of acute bronchitis in a 
child, he is (already) more inclined to interpret the following episodes as asthma. 
However, he needs more information to know which children are at risk of asthma. In 
this respect the clustering of respiratory illnesses in childhood is relevant: upper and 
lower respiratory tract illnesses were found to occur in different groups (chapter 2). It is 
an important finding that the numerous children with recurrent upper respiratory tract 
illnesses in early childhood were found not to be at risk (chapter 5). A relevant risk 
factor is the presence of a genetic predisposition (parents or siblings with atopic disea-
ses).11 Chronic respiratory symptoms could be demonstrated in a large part of the study 
population of adolescents and young adults (chapter 4) and a diagnosis of asthma based 
on only these symptoms showed an unsufficient long-term consistency (chapter 3). Since 
airways obstruction, its reversibility and BHR have been shown to be indicators of a worse 
prognosis of asthma in childhood,12 information about these parameters may also be 
helpful to trace those at higher risk when the diagnosis of asthma has not yet been 
established. Therefore, in general practice spirometry should be recommended, which is 
feasible because approved spirometers are available.13·14·15 BHR is more difficult to 
assess in general practice, but it can be assessed indirectly by assessing the peak flow variabili-
ty, since this parameter correlates well to BHR.16 Screening on BHR in itself may have 
little sense, because the prevalence of asymptomatic BHR is high and its significance 
unclear (chapter 7). 
Symptoms, spirometry and peak flow variability provide the practitioner with information 
about the child's actual pulmonary status. However, prospective studies are necessary to 
assess the predictive values of these parameters to the course and prognosis of the 
pulmonary status. 
In summary, the conclusions of this study are: 
1. early childhood respiratory morbidity is unevenly distributed; however, a clear-cut 
group of children with a much higher rate of more severe respiratory morbidity than 
other children does not appear to exist. Both upper and lower respiratory tract illnes-
ses show clustering. 
2. in young adults the long-term consistency both in the answers to questions on chronic 
respiratory symptoms of a self-administered standardized questionnaire and in the 
diagnosis of asthma established on the basis of the answers to these questions, is 
unsatisfactory. 
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3. when parents complete this questionnaire for their children aged 10 to 15, they report 
fewer symptoms than their children themselves would have done (proxy effect). 
4. a standardized questionnaire on chronic respiratory symptoms used in a population 
screening of adolescents and young adults does not provide adequate information to 
discriminate between those with and without BHR. 
5. asthma in adolescence and young adulthood is related to asthma and acute bronchitis 
in early childhood. 
6. there is underdiagnosis of asthma in general practice in adolescents and young adults. 
The extent is dependent on the (arbitrary) choice of criteria for the screening 
diagnosis of asthma. Asthmatics are more likely to be recognised by the general 
practitioner in case of male sex, previously diagnosed acute bronchitis and a family 
history of asthma. Misinterpretation of symptoms in terms of attributing symptoms of 
asthma to upper respiratory tract infections may play a role in underdiagnosis. The 
finding that of the asthmatics not recognised in general practice 30% had not 
presented any respiratory disease to their general practitioner in the last five years 
preceding the study, suggests that reluctance of some patients to consult their doctor 
and/or low perception of symptoms are involved as well. 
7. asymptomatic BHR in adolescence and young adulthood is not related to lower 
respiratory infections in early childhood and does not show the asthma-related 
characteristics which symptomatic BHR does show. It is probably neither the link 
between early childhood lower respiratory morbidity and asthma in later life nor a 
risk factor for later asthma. 
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SUMMARY 
Chapter 1 describes some epidemiological aspects of asthma and the aim of the thesis. 
This thesis had the following objectives: 
1. to analyse the distribution, interrelations and clustering of early childhood respiratory 
morbidity (chapter 2). 
2. to assess the long-term consistency both in the answers to questions on chronic 
respiratory symptoms of a standardized questionnaire and in the diagnosis of asthma 
established on the basis of the answers to these questions (chapter 3.1) 
3. to explore the proxy effect in the case of parents completing a questionnaire on 
respiratory symptoms in adolescents and young adults (chapter 3.2). 
4. to study the relationship between chronic respiratory symptoms and bronchial 
hyperresponsrveness (BHR) in adolescence and young adulthood and to assess the 
possible predictive value of these symptoms for BHR (chapter 4). 
5. to study the relationship between respiratory morbidity in early childhood and asthma 
in adolescence and young adulthood (chapter 5). 
6. to study underdiagnosis of asthma in adolescents and young adults in general practice 
and the influence of patient characteristics on underdiagnosis (chapter 6). 
7. to test the hypothesis that asymptomatic BHR in adolescence and young adulthood is 
related to respiratory infections in early childhood, and to study the clinical signifi-
cance of asymptomatic BHR (chapter 7). 
The subjects of this study were recruited from the practice population of the Continuous 
Morbidity Registration (CMR) of the Department of General Practice of the University of 
Nijmegen. All the subjects of the practice lists of the four CMR-practices, who were bom 
between 1967 (the year the CMR-project started) and 1979 (the original birth cohorts, 
n=1,441) and who were still on the practice lists at the time of this study in 1989, were 
invited to participate. The study was confined to subjects born before 1979 to guarantee a 
follow-up period from birth of at least 10 years. There were 926 subjects (64%) who met 
these criteria, 484 boys and 442 girls, aged 10 to 24 at the time of this study. Of this 
group 581 subjects (63%) gave informed consent and participated in this study (the study 
group). 
Chapter 2 describes the results of the analysis on the distribution, interrelations and 
clustering of early childhood respiratory morbidity. Therefore, the data of episodes of 
respiratory morbidity were analysed, which were presented in the first five years of life 
by those of the original birth cohorts who had remained on the CMR-practice lists for at 
94 
9 SUMMARY 
least these first five years. It is shown that 5% of the study group had never presented a 
respiratory disease and that 53% had presented at least six episodes. The episodes of each 
illness were not randomly distributed and most conditions were associated with each 
other. Factor analysis showed that asthma, acute bronchitis and pneumonia formed one 
cluster and tonsillitis, otitis media and common cold another. Hay fever and laryngitis are 
shown to occur more independently. 
Chapters 3.1 and 3.2 present the results of the analyses of two aspects of the standardized 
questionnaire on respiratory symptoms used in this study. The questionnaire was 
administered to the study group in a test and a retest with a one-year interval. 
Chapter 3.1 focuses on the long-term consistency both in the answers to the questions on 
chronic respiratory symptoms of this questionnaire and in the diagnosis of asthma 
established on the basis of the answers to these questions. Therefore, a comparison was 
made of the data collected in the test and the retest in those subjects of the study group 
who were aged 16 to 24 (n=246). In the two tests Cohen's kappa was used as measure of 
agreement between the answers. The values of Cohen's kappa of the questions on 
symptoms ranged between 0.22 and 0.62 and was 0.50 for the asthma diagnosis. Of the 
20% of the study group who had asthma on the basis of the first questionnaire 32% did 
not report one single asthma symptom in the second one. 
Chapter 3.2 describes the results of the analysis of the effect on the outcome of the 
questionnaire (proxy effect) in the case of parents completing the questionnaire instead of 
the adolescents themselves. Therefore, the questionnaire data of all participants in both 
tests were used (n=560); in the first test the questionnaire was completed for those under 
sixteen by the parents and for those aged sixteen and over by the young adults themsel-
ves, while in the retest it was completed by all the participants themselves. The proxy 
effect was studied by comparing for each question separately the extent of agreement 
between the parents' answers to the first questionnaire and the childrens' answers to the 
second questionnaire for those under sixteen on the one hand with the extent of agreement 
between the answers to both questionnaires for those aged 16 and over on the other. Most 
kappa values were lower for the younger age group than for the older, and most differen-
ces were statistically significant. 
In chapter 4 the relationship is studied between chronic respiratory symptoms and BHR in 
adolescence and young adulthood. Furthermore, the possible predictive value of these 
symptoms for BHR are assessed. In a cross-sectional analysis the data collected by means 
of the questionnaire are compared with the results of a histamine-challenge test (n=551). 
Of the study group 43% reported one or more symptoms; of these subjects 54% did not 
show BHR. The overall prevalence of BHR was 42%. Neither sex nor age were related to 
it. Of those with BHR 53% did not report any chronic respiratory symptom. Most chronic 
respiratory symptoms were related to the degree of BHR, but only "breathless when 
walking on the flat" was independently related to BHR; however, its predicted value for 
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BHR was negligible. 
Chapter 5 presents the results of the historical cohort analysis in which the relationship 
between early childhood respiratory illness and asthma in adolescence and young 
adulthood was studied. Data of current respiratory status collected in a screening survey 
by means of the questionnaire, spirometry and histamine-challenge test are related to the. 
respiratory morbidity presented by the study group in the first five years of life. Of the 
study group 16% were diagnosed as asthmatics. Only asthma and acute bronchitis in early 
childhood were significantly related to asthma at the age of 10 to 24. The unadjusted rela-
tive risks (RR) and 95% confidence intervals (ci) of these relations were 3.0 (1.8 - 5.0) 
and 1.9 (1.3 - 2.7) respectively. 
In chapter 6 possible underdiagnosis of asthma in general practice was studied, as well as 
clinical or patient characteristics that may play a role in this underdiagnosis. The results 
of the screening survey were compared with the diagnosis made in general practice. The 
results of the screening served as the reference standard. Of those identified as asthmatic 
according to the criteria of the screening diagnosis, 44% had been recognised by their 
general practitioner. Of the asthmatics recognised in general practice significantly more 
were boys, had presented (an) episode(s) of acute bronchitis in the last five years 
preceding the study and had a family history of asthma than of those not recognised in 
general practice. Of the latter, 30% had not presented any respiratory disease to their 
general practitioner in the last five years preceding the study. On the other hand, of these 
subjects significantly more had presented hay fever, laryngitis and recurrent episodes of 
common cold to their doctor in the last five years preceding this study than of the healthy 
subjects. 
Chapter 7 presents the results of the analysis of the relationship between respiratory 
morbidity in early childhood and BHR in adolescence and young adulthood, both for its 
symptomatic and asymptomatic form. Furthermore, the clinical significance of asympto-
matic BHR is investigated by comparing both forms of BHR with non-hyperresponsiveness 
with respect to several patient and clinical characteristics related to asthma. Of the 
hyperresponsive subjects 70% did not report asthma symptoms. Acute bronchitis in early 
childhood was significantly related to BHR at the age of 10 to 24, but only to its sympto-
matic form (RR = 2.0; 95% CI between 1.3 and 3.0). BHR was related to allergy, airways 
obstruction and recent asthma, acute bronchitis and hay fever. However, again only its 
symptomatic form showed these characteristics, whereas asymptomatic BHR did not 
significantly differ from non-BHR. 
Chapter 8 contains a general discussion about the results of this thesis, and describes the 
conclusions, which are: 
1. early childhood respiratory morbidity is unevenly distributed; however, a clear-cut 
group of children with a much higher rate of more severe respiratory morbidity than 
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other children does not appear to exist. Both upper and lower respiratory tract illnes-
ses show clustering. 
2. in young adults the long-term consistency both in the answers to questions on chronic 
respiratory symptoms of a self-administered standardized questionnaire and in the 
diagnosis of asthma established on the basis of the answers to these questions, is 
unsatisfactory. 
3. when parents complete this questionnaire for their children aged 10 to 15, they report 
fewer symptoms than their children themselves would have done (proxy effect). 
4. a standardized questionnaire on chronic respiratory symptoms used in a population 
screening of adolescents and young adults does not provide adequate information to 
discriminate between those with and without BHR. 
5. asthma in adolescence and young adulthood is related to asthma and acute bronchitis 
in early childhood. 
6. there is underdiagnosis of asthma in general practice in adolescents and young adults. 
The extent is dependent on the (arbitrary) choice of criteria for the screening 
diagnosis of asthma. Asthmatics are more likely to be recognised by the general 
practitioner in case of male sex, previously diagnosed acute bronchitis and a family 
history of asthma. Misinterpretation of symptoms in terms of attributing symptoms of 
asthma to upper respiratory tract infections may play a role in underdiagnosis. The 
finding that of the asthmatics not recognised in general practice 30% had not 
presented any respiratory disease to their general practitioner in the last five years 
preceding the study, suggests that reluctance of some patients to consult their doctor 
and/or low perception of symptoms are involved as well. * 
7. asymptomatic BHR in adolescence and young adulthood is not related to lower 
respiratory infections in early childhood and does not show the asthma-related 
characteristics which symptomatic BHR does show. It is probably neither the link 
between early childhood lower respiratory morbidity and asthma in later life nor a 
risk factor for later asthma. 
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Hoofdstuk 1 beschrijft enkele epidemiologische aspecten van astma en het doel van dit 
onderzoek. Dit onderzoek beoogde antwoord te geven op de volgende onderzoeksvragen: 
1. hoe is op vroege kinderleeftijd de verspreiding van aandoeningen van de luchtwegen, 
hoe zijn hun onderlinge verbanden en is er als gevolg van die verbanden sprake van 
clusters van deze aandoeningen? {hoofdstuk 2) 
2. hoe is bij jong volwassenen (16 tot 24 jaar) de consistentie op langere termijn van 
antwoorden op vragen naar chronische luchtwegsymptomen van een gestandaardiseer-
de vragenlijst, en hoe is consistentie van de astma diagnose op langere termijn 
wanneer deze wordt gesteld op grond van die antwoorden? {hoofdstuk 3.1) 
3. beantwoorden ouders vragen naar luchtwegsymptomen van hun 10- tot 16-jarige 
kinderen anders dan hun kinderen zelf zouden doen? {hoofdstuk 3.2) 
4. welke chronische luchtwegsymptomen hebben bij jongeren een relatie met bronchiale 
hyperreactiviteit (BHR), en hoe hoog is de voorspellende waarde van deze symptomen 
voor BHR? {hoofdstuk 4) 
5. is er een relatie tussen luchtwegaandoeningen op vroege kinderleeftijd en astma op 
10- tot 24-jarige leeftijd? {hoofdstuk 5) 
6. is er op die leeftijd (10 tot 24 jaar) sprake van onderdiagnostiek van astma in de 
huisartspraktijk? Zo ja, welke patient- en klinische kenmerken spelen daarbij een rol? 
{hoofdstuk 6) 
7. bestaat er een relatie tussen luchtwegaandoeningen op vroege kinderleeftijd en 
asymptomatische BHR op 10- tot 24-jarige leeftijd? Welke klinische betekenis heeft 
asymptomatische BHR op die leeftijd? {hoofdstuk 7) 
De jongeren van dit onderzoek maakten deel uit van de patiëntpopulatie van de Continue 
Morbiditeits Registratie van de Nijmeegse Universiteit. Al degenen van deze populatie die 
in de jaren 1967 (start van de сын) tot 1979 waren geboren en ten tijde van dit onderzoek 
hiervan nog deel uitmaakten werden gevraagd aan dit onderzoek deel te nemen. Het jaar 
1979 was gekozen zodat de jongsten minstens 10 jaar oud waren. Het ging om 926 
jongeren, 484 jongens en 442 meisjes, in de leeftijd van 10 tot 24 jaar. Hiervan waren er 
581 (63%) bereid deel te nemen. 
Hoofdstuk 2 beschrijft de resultaten van het onderzoek naar de verspreiding, de onderlinge 
verbanden en de clustervorming van luchtwegaandoeningen op vroege kinderleeftijd. 
Daarvoor werden de morbiditeitsgegevens gebruikt uit de eerste vijf levensjaren van al 
diegenen uit de bovengenoemde geboortecohorten die minstens vijf jaar deel uitmaakten 
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van de CMR-populatie. Gedurende deze leeftijdsperiode was 5% van deze groep met geen 
enkele luchtwegaandoening bij de huisarts geweest, terwijl 53% voor minstens zes 
episoden de huisarts had geconsulteerd. Voor iedere aandoening gold dat de episodes niet 
gelijkelijk verdeeld waren over de groep. Tussen de meeste aandoeningen werden 
verbanden gevonden. De factoranalyse toonde clustervorming aan van enerzijds astma, 
acute bronchitis en pneumonie, en anderzijds van tonsillitis, otitis media en verkoudheid. 
Hooikoorts en laryngitis bleken meer onafhankelijk van andere aandoeningen op te treden. 
De hoofdstukken 3.1 en 3.2 geven de resultaten weer van de analyses naar twee aspecten 
van de gestandaardiseerde vragenlijst naar luchtwegsymptomen die in dit onderzoek 
gebruikt werd. De vragenlijst werd twee keer met gemiddeld een jaar tussentijd door de 
onderzoeksgroep ingevuld. 
Hoofdstuk 3.1 laat de resultaten zien van de analyse naar de consistentie op langere 
termijn in enerzijds de antwoorden op de vragen naar chronische luchtwegsymptomen, en 
anderzijds in de astma diagnose wanneer deze wordt gesteld op grond van die antwoor-
den. Hiervoor werden bij de 246 16 tot 24 jarige deelnemers de antwoorden op de eerste 
enquête vergeleken met die op de tweede enquête. Cohens kappa werd gebruikt als maat 
voor overeenstemming tussen de twee antwoorden op dezelfde vraag van beide enquêtes. 
De waarde ervan varieerde tussen 0.22 en 0.62 voor de vragen, en was 0.50 voor de 
astma diagnose. Van de 20% van de onderzoeksgroep bij wie astma werd vastgesteld op 
grond van de antwoorden op de eerste enquête gaf 32% geen enkel bevestigend antwoord 
op de vragen naar astmasymptomen in de tweede enquête. 
In hoofdstuk 3.2 is onderzocht of ouders vragen naar luchtwegsymptomen van hun 10- tot 
16-jarige kinderen anders beantwoorden dan hun kinderen zelf zouden doen. Hiervoor 
werden de enquêtegegevens van de hele onderzoeksgroep gebruikt. In de eerste enquête 
hadden de ouders van deze kinderen de vragenlijst voor hun kind ingevuld, terwijl de 
oudere groep de vragenlijst zelf had ingevuld. In de tweede enquête vulden alle kinderen 
zelf de lijsten in. Het bovenstaande werd bestudeerd door voor iedere vraag apart de mate 
van overeenstemming tussen de antwoorden van de ouders op de eerste vragenlijst en die 
van hun kinderen zelf op de tweede bij de jongere groep te vergelijken met de mate van 
overeenstemming tussen de antwoorden op beide vragenlijsten bij de oudere groep. 
Cohens kappa was bij de jongste groep voor de meeste vragen significant lager dan bij de 
ouderen. 
Hoofdstuk 4 beschrijft de resultaten van het onderzoek naar de relatie tussen chronische 
luchtwegsymptomen en BHR. Bovendien werd de voorspellende waarde van deze vragen 
voor BHR bepaald. Hiervoor werden de resultaten van de tweede enquête vergeleken met 
de uitslagen van de histamine-provocatietest (cross-sectioneel design). Van de onderzoeks-
groep (n=551) gaf 43% aan één of meer chronische luchtwegsymptomen te hebben, maar 
54% van de laatsten was niet hyperreactief. Bij 42% van de onderzoeksgroep werd BHR 
aangetoond. De ernst van de BHR nam toe met het aantal symptomen, maar alleen de 
vraag naar kortademigheid bij lopen op vlak terrein was na correcties op verbanden met 
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andere symptomen nog gerelateerd met BHR. De voorspellende waarde van deze vraag 
voor BHR was echter te verwaarlozen. 
Hoofdstuk 5 geeft de resultaten van de historische cohortanalyse waarmee het verband 
tussen luchtwegaandoeningen op vroege kinderleeftijd en astma op 10- tot 24-jarige 
leeftijd onderzocht werd. Hiervoor werden de resultaten van de screening (vragenlijst, 
longfunctieonderzoek en histamine-provocatietest) bij de onderzoeksgroep gerelateerd met 
de gegevens over de door de huisarts geregistreerde luchtwegmorbiditeit gedurende de 
eerste vijf levensjaren. Bij 16% van de deelnemers werd op grond van de screening astma 
vastgesteld. Alleen tussen astma en acute bronchitis op vroege kinderleeftijd en astma op 
10- tot 24-jarige leeftijd werd een relatie aangetoond. Het ongecorrigeerde relatieve risico 
(RR) en het 95% betrouwbaarheidsinterval (Cl) van deze relaties waren respectievelijk 
3.0 (1.8 - 5.0) en 1.9(1.3-2.7). 
Het onderzoek naar mogelijke onderdiagnostiek van astma bij jongeren in de huisartsprak-
tijk, en naar de patiënt- en klinische factoren die hierbij een rol spelen is het onderwerp 
van hoofdstuk 6. Hiervoor werden de resultaten van de screening vergeleken met de 
gegevens over de astmadiagnose vastgesteld door de huisarts. De screeningsdiagnose 
vormde hierbij de "gouden standaard". Van degenen bij wie op grond van de screenings-
resultaten astma werd vastgesteld was 44% bekend bij de huisarts met astma. Van deze 
laatsten waren er significant meer van het mannelijk geslacht, hadden de vijf jaar 
voorafgaande aan dit onderzoek acute bronchitis doorgemaakt en hadden astma in de 
naaste familie, dan van degenen bij wie de huisarts de astma niet had geconstateerd. En 
van deze laatsten had 30% gedurende de vijfjaar voorafgaande aan dit onderzoek geen 
enkele keer de huisarts geconsulteerd voor een luchtwegaandoening. Aan de andere kant 
had de huisarts bij een significant groter percentage van deze groep hooikoorts, laryngitis 
en verkoudheid gediagnostiseerd dan van degenen bij wie tijdens de screening geen astma 
werd vastgesteld. 
Hoofdstuk 7 geeft de resultaten weer van het onderzoek naar de relatie tussen luchtweg-
aandoeningen op vroege kinderleeftijd en BHR op 10- tot 24-jarige leeftijd, voor zowel de 
symptomatische als de asymptomatische BHR. Bovendien werd de klinische betekenis van 
asymptomatische BHR onderzocht door beide vormen van BHR te vergelijken met normale 
bronchiale reactiviteit voor wat betreft verschillende klinische en patiëntgebonden 
kenmerken die met astma in verband staan. Van degenen met BHR had 70% geen enkel 
chronisch luchtwegsymptoom. Vroegkinderlijke acute bronchitis had een significant 
verband met BHR op 10- tot 24-jarige leeftijd, maar alleen voor wat betreft de symptoma-
tische vorm. BHR was gerelateerd met allergie voor luchtwegallergenen, luchtwegobstruc-
tie en astma gediagnostiseerd in de vijf jaar voorafgaande aan dit onderzoek; maar 
opnieuw, alleen bij symptomatische BHR werden deze kenmerken aangetoond, terwijl 
asymptomatische BHR niet significant verschilde van normale bronchiale reactiviteit. 
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In hoofdstuk 8 worden de resultaten van dit onderzoek in hun onderling verband bediscus-
sieerd en worden de conclusies geformuleerd. Deze zijn: 
1. luchtwegaandoeningen op vroege kinderleeftijd zijn ongelijk verdeeld. Desalniettemin, 
een groep met vaker ernstigere luchtwegaandoeningen is niet duidelijk af te grenzen 
van de rest. Zowel bij bovenste als onderste luchtwegaandoeningen is sprake van 
clusters. 
2. bij jongeren is de consistentie op langere termijn van zowel de antwoorden op vragen 
naar chronische luchtwegsymptomen van een gestandaardiseerde vragenlijst, als van 
de astma diagnose wanneer deze wordt gesteld op grond van die antwoorden, 
onvoldoende. 
3. ouders van 10- tot 16-jarige kinderen rapporteren in een vragenlijst veel minder 
luchtwegsymptomen inzake hun kinderen dan die kinderen zelf. 
4. een gestandaardiseerde vragenlijst naar chronische luchtwegsymptomen bij jongeren 
draagt er niet toe bij om bronchiaal hyperreactieven van normalen te onderscheiden. 
5. er bestaat een relatie tussen astma en acute bronchitis op vroege kinderleeftijd en 
astma op 10- tot 24-jarige leeftijd. 
6. bij jongeren van 10 tot 24 jaar is sprake van onderdiagnostiek van astma in de 
huisartsenpraktijk. De omvang hiervan is afhankelijk van de (arbitraire) keuze van de 
criteria voor de screeningsdiagnose als referentie standaard. De huisarts lijkt astma bij 
jongeren eerder te herkennen als ze van het mannelijk geslacht zijn, als bij hen in 
voorafgaande jaren acute bronchitis is vastgesteld en als er astma in de familie 
voorkomt. Foutieve interpretatie van luchtwegsymptomen in de zin van toeschrijven 
van astmasymptomen aan bovenste luchtwegaandoeningen speelt mogelijk een rol bij 
de onderdiagnostiek van astma, evenals niet de huisarts consulteren en/of niet bewust 
zijn van symptomen. 
7. tussen onderste luchtweginfecties op vroege kinderleeftijd en asymptomatische BHR op 
de leeftijd van 10 tot 24 bestaat geen relatie. Asymptomatische BHR heeft in tegenstel-
ling tot symptomatische BHR niet de voor astma kenmerkende eigenschappen. 
Daarmee wordt het minder waarschijnlijk dat asymptomatische BHR de schakel vormt 
tussen onderste luchtweginfecties op vroege kinderleeftijd en astma op latere leeftijd, 
en lijkt asymptomatische BHR evenmin een risicofactor voor astma op lagere leeftijd te 
zijn. 
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Stellingen 
1. Ouders van 10- tot 16-jarige kinderen rapporteren ¡n een vragenlijst veel 
minder luchtwegsymptomen inzake hun kinderen dan die kinderen zelf. {Dit 
proefschrift) 
2. Een gestandaardiseerde vragenlijst naar chronische luchtwegsymptomen bij 
jongeren draagt er niet toe bij om degenen met en zonder bronchiale 
hyperreactiviteit van elkaar te onderscheiden. [Dit proefschrift) 
3. Op vroege kinderleeftijd is een groep met vaker ernstigere luchtwegaandoe-
ningen niet duidelijk af te grenzen van de rest. [Dit proefschrift) 
4. Asymptomatische bronchiale hyperreactiviteit heeft in tegenstelling tot 
symptomatische bronchiale hyperreactiviteit niet de voor astma kenmerken-
de eigenschappen. Daarmee wordt het minder waarschijnlijk dat asympto-
matische bronchiale hyperreactiviteit de schakel vormt tussen onderste 
luchtweginfecties op vroege kinderleeftijd en astma op latere leeftijd, en lijkt 
het evenmin een risicofactor voor astma op latere leeftijd te zijn. {Dit 
proefschrift) 
5. De definitie van astma als de aanwezigheid van symptomatische bronchiale 
hyperreactiviteit is momenteel de meest bruikbare definitie om de prevalen-
tie van klinisch belangrijke astma in bevolkingsgroepen vast te stellen. 
(Toelle BG et al. Am Rev Respir Dis 1992; 146:633-7) 
6. Het overheersende aandeel van luchtwegaandoeningen in het morbiditeits-
spectrum wordt beter begrijpelijk als men zich realiseert hoe sterk de 
luchtwegen overheersen in ons contact met de buitenwereld. 
7. De betekenis van het gezin bij het doorgeven, ontplooien en in stand 
houden van menselijk leven, waarbij essentiële voorwaarden in fysisch, 
psychologisch en sociaal opzicht worden gecreëerd, is van zo groot belang 
te achten - en zal dit ook waarschijnlijk in de naaste toekomst blijven - dat 
dit meer, bij voorkeur multidisciplinair, onderzoek verdient. (FJA Huygen. 
Family Medicine. Nijmegen: Dekker en van de Vegt, 1978) 
8. De huisarts baseert zijn beslissingen op het vóórkomen van klachten en 
afwijkende bevindingen en op de kans op de eraan ten grondslag liggende 
ziekten. Veel klachten en afwijkende bevindingen vallen binnen een voor de 
populatie van de huisarts normale variatiebreedte. De voorspellende waarde 
wat betreft de aanwezigheid van ziekte is in de situatie van de huisarts laag 
vergeleken met die in de specialistische situatie, [van der Velden HJM. 
Huisarts Wet 1983; 26:125-8) 
9. De effectiviteit van de NHG-standaarden zal aanmerkelijk toenemen indien 
het voorgestelde beleid ook in het transmurale gebied als leidraad wordt 
gevolgd, zo nodig aangepast als uitkomst van overleg op lokaal niveau 
tussen huisartsen en specialisten. 
10. Bij een gedifferentieerd honoreringssysteem voor huisartsen dient tenminste 
rekening gehouden te worden met de leeftijdsopbouw van de praktijkpopula-
tie. 
11 . De opstelling van de paranimfen tijdens een promotiezitting in de aula van 
de Katholieke Universiteit Nijmegen, namelijk niet, zoals in andere universi-
teitsaula's, naast de promovendus en evenals deze gericht op de corona, 
maar met de rug naar de promovendus toe de zaal inkijkend, wekt de indruk 
dat in Nijmegen hun ondersteunende taak er vooral uit bestaat de toehoor-
ders in de gaten te houden. 
12. Niets lucht meer op dan een besluit, ook al is dit genomen omdat men het 
nadenken beu is. 
13. Een uit artikelen samengesteld proefschrift en het rokkostuum van de 
promovendus hebben met elkaar gemeen dat ze maar één dag een functie 
hebben. 
14. Geniet nooit met mate. [Loesje) 
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